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BAROMETERS 
Mercurial 


CONTROLLERS 
Flow 
Humidity 

pH 

Liquid Level 
Pressure 
Temperature 
Vacuum 


FLOW INSTRUMENTS 


Controllers 
Indicators 
Integrators 
Meters 
Recorders 


GAGES, RECORDING 


Pressure 
Temperature 
Vacuum 


HYDROMETERS 


HYGROMETERS 


Wet & Dry Bulb 
Thermometers : 
- TAG Instruments are guarding a 


IQUID LEVEL 
— thousand production fronts . . . in synthetic rubber, 
rene ana chemicals, explosives, catalytic cracking, aeroplane test- 
Recorders : o.e 

| ing, ordnance and food fields. And additional thousands 
MERCURIAL GAGES 

| of TAG Instruments are entrusted with special duties 


Absolute Pressure a 
Mercurial Vacuum across the Seven Seas. Check the list at the left for the 


MOISTURE METERS | TAG Instrument to help you score your production Vic- 


Grains, Tobacco, } . 
or 

Wood, Granular y in 1945. 

Material 


OIL TESTING 
INSTRUMENTS 


POTENTIOMETERS 


Controlling 
Indicating 
Recording 


PYROMETERS 


Controlling 
Indicating 
Recording 
Resistance 
Thermoelectric 





RECORDERS 


Electric 

Flow 

Humidity 

pH 
Hygrometer 
Liquid Level 
Pressure 

eS A 
Temperature 
Time-Operation 
Vacuum 





STEAM TRAPS 
THERMOMETERS 4 


Chemical 

Dial 

Electric 
Expansion Stem 
Indicating 
Industrial 
Recording 
Resistance 








VALVES 
Diaphragm 
Reducing 
V-Port 
Three-Way 


C. J. TAGEIABUE MEG. Co. 


Park & Nostrand Ave’s., Brooklyn 5, N. Y. 









GENERAL RADIO was granted the coveted 
Army-Navy “E” Production Award for the 
fifth time in December of last year. G-R is 
one of very few in the electronic industry to 
receive this honor five times. 


The production of precision electrical test equipment 
is a highly specialized business, demanding mainte 
nance of close tolerances in all inspection, manufac- 
turing and calibrating operations. Constant and close 
supervision by highly trained personnel is required to 
produce equipment of the precision and reliability of 
G-R instruments. 


In order to meet the greatly increased production called 
for by the war, G-R has expanded to its limit, both in 
space and in personnel. We have subcontracted machining 
operations to several local firms; we have transferred 
our entire VARIAC production to leased space in an 
other building; we have obtained considerable space 
in another building where we have contracted for a 
large number of war-time workers under our own fore 
men; we have let out the complete manufacture of 
several instruments to other manufacturers; we have 
turned over the design, drawings and models of sev 
eral critical instruments to other manufacturers for 
their exclusive use. 


G-R is proud that it has been able to meet the urgent 
production requirements of the war effort. It is equally 
grateful that the substantial contributions from its 
Development and Engineering Departments, through 
many thousands of hours of consulting engineering 
on secret war projects, have directly assisted in the 
solution of technical problems of the greatest urgency 


GENERAL RADIO COMPANY Cambridge 39, Massachusetts 
NEW YORK CHICAGO ‘LOS ANGELES 
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Enemy aircraft approaching!”’... 
and it’s touch and go for the flattop 
fighters! Out where a delay of sec- 
onds could sink the ship, Jack & 
Heintz starters are famous for sure- 
‘ire performance. And wherever 
ouch and go starting is vital .. . in 
rctic cold or tropic heat or desert 
sands . . . these starters are pitting 
terrific stamina against the toughest 
battle conditions. 

Brush life, for example has gone 


a 
igh edt. 


up from 500 cycles of operation to 
17,000. Operating range is now 
from 65 below zero to 165 in the 
sun. Jack and Heintz engineering 
has cut starter weight in half...and 
boosted starter life far beyond pre- 
vious records. 

These improvements . . . and 
others like them in the automatic 
pilot, in flight instruments, genera- 
tors and retraction motors... are 
traceable to two distinct Jack & 





Buy More War" Bonds and Stampa 


Heintz assets: an engineering staff 
that begins where usual thinking 
stops; and manufacturing techniques 
and revolutionary methods that set 
completely new standards in pre- 
cision production. 


So valuable in war, this ability 

. these methods hold great new 
things in store for peacetime avia- 
tion. Watch for the 
their promise. 


fulfillment of 


Jack & Heintz, Inc., Cleveland, Ohio, manufacturers of Aircraft Engine 











JAcK « HEINTZ 


( Sneorpion aled 


Starters, Generators, Gyro Pilots, Gyro Flight Instruments, Magnetos, Motors. 
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@ Here’s a new improved carrier system for 
measurement of static and dynamic pressures, 
strain, vibrations, accelerations, velocities, 
dynamic travel, angular position, clearances 
between moving parts and other measurements. 

This carrier system can be used with primary 
elements also manufactured and designed by 
Trimount, for studies of: steam, gasoline, and 
Diesel engine cylinder head pressures; manifold 
pressures; supercharger and blower pressures; 
fuel system pressures; air scoop pressures; air- 
craft landing gear shock loads; dynamic pressures 
in pumps and compressors; turbine blade elonga- 
tions, etc. A cathode ray oscillograph, a recording 
oscillograph, or other recording or indicating 
equipment can be used with the Trimount Carrier 
System... 

The system is available in two series, one 
making use of the modulated carrier wave prin- 
ciple, while the othertype employs a discriminator 
circuit. Frequency ranges are as high as 10,000 
CPS. The power supply and oscillator are small, 
compact and lightweight and can be furnished 
in any number of channels required. 

Write for detailed information on these new, 
improved instruments. 


ELECTRONICS DIVISION 





nituvnent — 
COMPANY 


37 WEST VAN BUREN STREET, CHICAGO 5, ILLINOIS 
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COVER: Instrumentation of tin electroplating line at Wheeling 


Steel Co., Yorkville, Ohio 


EDITORIAL: Formation of a national society | 
By M. F. Behar 


REPORT ON INTERSOCIETY CONFERENCE 
By R. C. Darnell 


FLIGHT-RESEARCH INSTRUMENTATION 2 
Bell Aircraft’s 1s completely automati 


By S. B. Elggren 


TESTING VIBRATING CONTACTS ) 
By C. E. Diehl 


SUPPRESSED-ZERO VOLTMETERS 9 
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ELECTRIC GAGING METHODS 10 
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Annual Subscription: U. S. $2.00. Copyright 1945 by Tle Instruments 
Publishing Company. Entered as second-class matter January 26, 1932 
at the post office at Pittsburgh under the Act of March 3, 1879. : 

Subscribers: Note that while the WPB Paper Limitation Order is in force— 

1. Send notices of changes of address before you move. Co 

ss t ., pies will not 

to replace those not received by reason of moving. Two months’ siunab bale 
should be given to assure change of stencil in time. 

2. Renew your subscription before it expires. If you do not remember the 

’ expira- 

tion date, look for it on the address stencil. Renewal notices will continue te be 
sent before expirations, but only one notice will be sent to each subscriber and 
renewal must be received within fifteen days. 

3. No single copies will be sold. Back copies can no longer be furnished. 

4 No new or remewa! foreign subscriptions can be accepted. 
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...Hardly had 
man learned 
to fly than 
he began to 
feel the ur- 
gency of the 
need to com- 
municate be- 
tween ground 
and plane. 





Can of the first successful attempts in such two-way 
contact was accomplished with equipment designed 


and manufactured by Connecticut Telephone & Electric. 








Since the early days of the telephone, our people have 

been identified with progress in communications. Today Let 

the principles of communications have applications ‘refe 

of the greatest importance to industry, in connection 

with product development and production control. f f: 

Our developmental engineers also have much to | > 

offer to industrial executives seeking to produce a ad 

better product at lower cost. If our engineering and | co! 
» of 


production facilities might tie in with your plans, we 


shall be happy indeed to talk with you. 


eee 


CONNECTICUT TELEPHONE 
& ELECTRIC DIVISION 


GREAT AMERICAN INDUSTRIES, INC. 
MERIDEN, CONNECTICUT 


TELEPHONIC SYSTEMS @ SIGNALLING EQUIPMENT @ ELECTRONIC 
DEVICES © ELECTRICAL EQUIPMENT @ HOSPITAL AND SCHOOL COM- 
MUNICATIONS AND SIGNALLING SYSTEMS @ IGNITION SYSTEMS 





ee 
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Valuable 
Data 





|Let us place this handy 32-page 
‘reference book on your desk without charge 


| LL ABOUT BELLOWS, bellows assemblies, and bellows devices. Swit On your Wahechead: “YES 
ss : rae ) your etternead: “a5 

f How they are made, what they do, life expectancies, ete. a aes 
Complete information on physical characteristics, sizes, metals, Fulton Sylphon Bulletin AE-1300.” 


assemblies, applications, etc., etc. Included are many useful time- 
saving tables —equivalents, conversion equations, temperature NEW MOVIE—“The Stor, 
of Metal Bellows” is avail- 


able to interested execu 


conversions, and physical data on approved charges; also pages 


ee Ole 


of drawings detailing design and construction, together with 





R : - : tives and organizations. 
photographs of special bellows and interesting assemblies. : — 
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Today, our electrical equipment encircles the globe; some serving at 
Greenland’s ice cap or in Kiska’s fogs .. . others stewing in the swamps 
of a Pacific atoll. 

With the destinations of war-products totally unknown, manufac- 
turers logically have preferred “building-in” WESTONS on their con- 
trol panels. They know that a WESTON will perform dependably 
anywhere ... that there is sound reason behind WESTONS acceptance 
as the international standard. 

And tomorrow, with equipment reaching known markets, instrument 
preferences will remain unchanged. For while human life no longer will 
be at stake, reputations will. So manufacturers will continue to “build- 
in” the instruments which consistently tell-the-truth ...to build broader 
market acceptance and customer good-will, and assure highest 
efficiency from the machines which bear their name. 


Weston 


@ Laboratory Standards 

@ Precision DC and AC Portables 

@ Instrument Transformers 

@ Sensitive Relays 

@ DC, AC, and Thermo Switchboard 
and Pane! Instruments 

@ Specialized Test Equipment 

@ Light Measurement 
and Control Devices 

@ Exposure Meters 

@ Aircratt Instruments 

@ Electric Tachometers 


@ Dial Thermometers 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
591 FRELINGHUYSEN AVENUE, NEWARK 5, NEW JERSEY 


FOR OVER 55 YEARS LEADERS IN ELECTRICAL MEASURING EQUIPMENT 
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COMBUSTION CONTROL 


An abnormal increase in the density of smoke 
: passing through a boiler breeching means a 
for examfpil 2. reduction of heat, loss of efficiency, increase in 
fuel consumption, and probably violation of 
smoke control ordinances. The electronically 
operated Worner Combustion Supervisor detects 
such conditions, turns in an audible or visible 
alarm, and sets in motion the mechanism that 
will bring about efficient combustion. 


Wherever, aULGM KM Kaen 
, MV 








Control Unit 


THERE’S A JOB FOR Kelays BY GUARDIAN 


The “Combustion Control Supervisor,"” made by Worner Electronic 
Devices of Chicago, is a photo-cell system that responds to any prede- 
termined degree of smoke density. To avoid ‘false alarms”’ resulting from 
momentary puffs of smoke, it is equipped with a time delay feature. 

Worner’s specified that the three relays used in this system must be 
sensitive but not delicate; that they require no adjustment; and that they 
meet Underwriter’s requirements. 

Guardian engineers developed the Series 155 D.C. relay as the answer 
to these specifications. This is a compact, sturdy, easily mounted unit 
with constant spring tension on the contacts. It is widely used on remote 
selection devices and other low voltage applications. Copper slug time 
delays up to .05 seconds on attract and 0.15 seconds on release are 
available. Coils for operation on any voltage up to 230 volts D.C. For 
further information write for Series 155 bulletin. 





Series 155 O:6. Relay 


ior whenever a jbe is used 

however Relays by Guardian are NOT 
limited to tube app otions, but are used 
herever automatic control is desired for 


the char 


GUARDIAN \@ ELECTRIC 


1638-A W. WALNUT STREET 


A COMPLETE LINE OF RELAYS SERVING AMERICAN 


CHICAGO 12, ILLINOIS 


WAR INDUSTRY 
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PERMANENT MAGNETS MAY DO 


iT BETTER 





Basic Types of Permanent Magnets 


The thirty-six representative forms of permanent 


magnets shown above are adaptable to an infinite 


number of variations and uses. We have already 
made over 23,000 applications. Most of such appli- 
cations are required to do some job which can be 
done better by magnetism than by other force, and 
are designed and engineered for this specific pur- 
pose. Permanent magnets are today making pos- 
sible many mechanical and physical operations on 
implements of war which no other form of energy 
could actuate. 

To determine the type of magnet for any indus- 
trial need calls for exceptional experience and re- 
search training in magnetics. As exclusive manufac- 
turers of permanent magnets for over thirty-four 
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years, this company has pioneered many advances 
in magnetic technology. Our technical and engi- 
neering staff can help you to solve your problems in 
. . and ask 
for a copy of our informative article, ‘‘Permanent 
Magnets Have Four Major Jobs,” from which the 


magnetization. Write for consultation . 


above ilustration is taken. 


THE INDIANA STEEL 
PRODUCTS COMPANY 


6 NORTH MICHIGAN AVENUE 
s 


CHICAGO 2, ILLINOIS 
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Joint Session of I, R. E. and A. 1. E. E. at the Engineers’ Building, Wednesday evening, January 24 


A Tribute to the 
Genius of the 
ELECTRONIC 
ea 
ENGINEERS of 
| 5 test equipment, we’ve 
; orked with them, shoulder 
LR.E. and ALLELE. "foil Witve found 


them invaluable collaborators 


“ 
j 
| 
j 





l 


than we do the resourceful- 


obody knows better 


ness and vision of electronic 


engineers. As builders of 


in devising apparatus 
designed to make electronics 
a completely foolproof tool. 


We know the questing spirit of 
these men. We’ve seen them come into 
our laboratory, and all but turn the 

place upside down, diagramming, in- 
specting, or checking equipment aimed 

at perfecting the performance of elec- 

tronics. Quality control is their fetish. 


We can say that with authority. Because 
as makers of test equipment, quality 


control is our objective. 








So when we pay tribute to the 
Welcome to Sherron 
Exhibit Room E and 
Display Booth No. 1 


genius of electronic engineers, 


we know whereof we speak. 


* LABORATORY 
' © DESIGN 
e DEVELOPMENT 
¢ MANUFACTURING 


meee SHERRON ELECTRONICS COMPANY 


Division of Sherron Metallic Corporation 


1201 FLUSHING AVENUE, BROOKLYN 6, N. Y. 





Electronics 





“Where the Ideal is the Standard, Sherron Units are Standard Equipment” 
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‘ Designed and Built 
. ‘to Withstand 


° SHOCK 
° VIBRATION 


@ Because they are so consistently reliable in actual 
. service ... Ohmite Rheostats, Resistors, Chokes and 
* Tap Switches have become “the control engineer’s 

e control units.” 
Shown here are a few of the many types extensively 
used in military and industrial equipment. The wide 


variety of types and sizes in stock or special units pro- 


e TEMPERATURE EXTREMES , vides a ready and exact answer to most applications. 


e HUMIDITY 
. ALTITUDE 


For helpful data and infor- 
mation, write on company 
letterhead for Industrial 
Catalog and Engineering 
Manual No. 40. Address 
Ohmite Manufacturing Co., 
4886 Flournoy Street 
Chicago 44, Il. 
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* In designing for war or postwar, let Ohmite ex- 


. perience he!p you. 


GCHMITE MANUFACTURING COMPANY 
4886 Flournoy Street Chicago 44, U.S.A. 


be Kight with OAMITE 


SBRECTCITAVS -« RESISTORS « TAP SWITECRes 





























Lighting systems — radio transmitters — ventilating equipment — telephone 
circuits and a multitude of other operations must often be controlled from a 
remote point in varying sequence. Of itself remote control — even in varying 
sequence — is no insurmountable obstacle. Physical or economic factors, how- 
ever, often dictate the use of only a single conductor of radio carrier wave 
circuit as the control medium. Such control is possible only if the operation- 
selective device possesses high sensitivity and critical reponse. The W&T 
Torsional Relay — stable over a wide range of ambient temperature and 
pressure — was developed to fulfill this specific requirement. 

W&T Torsional Relays provide low cost, dependable variable sequence 
control which can be made completely automatic with the addition of W&T 









monitoring units. 
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4 “> Ggttte TWAN A PLANE CAN FLY 


LOWE THAN A SUB CAN SUBMERGE 


ry. 3 
Lhe high-to-low instrument testing 
range of Bowser-built Testing Chambers 
is considerably greater than can be ob- 


tained with the highest practical actual 





flight plus the greatest submerging depth. 
This permits a tested and proved safety 
factor-a priceless asset. 

That’s one big reason why instrument 


makers are turning more and more to 


Bowser-built Test and Calibration 





Chambers, which have demonstrated 





their efficiency and practicality time after 


time in actual operation. 


There are other big reasons, too. For 
instance, chamber testing is much less 
costly—-no expensive personnel, motor 
fuel, etc. In fact, a Bowser Chamber 
costs probably less than testing a bomber 
one hour under actual flight conditions. 
Moreover, chamber testing is much 


quicker and immeasurably safer. 


Aggressive manufacturers are installing 
testing chambers. . . not relying on labo- 
ratories already burdened with research 
work. Write for complete information or, 
better still, our engineers will gladly con- 


sult with you. 


g OWS J i he Cc Prien Shes y ayy ldo en 
| i & tion earned the Army-Navy E... 
Bowser equipment has helped earn 


it for scores of other companies. 


Mobile Refrigeration Division 


420 Lexington Avenue, New York 17, N.Y. 


$1 AIT Se eg ERAN! PEO Og Bet 


“MOBILE 
REFRIGERATION 





























BUY WAR BONDS 


THE NAME THAT MEANS EXACT CONTROL oF Liquips 


incense tence Miajatis AED pea 
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d impedance and fixed frequency 
ted frequency and variable load 
ed load and variable frequency 





ALSO 


® to determine internal impedance or 
optimum load 








Power range 


Ke impedance; 
® to measure insertion loss of a network “OP-193: 
OP-19 


to measure noise pick-up level Accuracy! # 
Speciat F 


to test band width, selectivity, fidelity, mone 
sensitivity 














' Goa (5) me The DAVEN OP Series Power Output Meters offer a selection 
of four models for measuring the effect of power and load 
on audio amplifiers, filters, Oscillators and similar equip- 
ment, as well as for standard radio receiver tests. Types 
OP-182 and OP-961 are widely accepted for their wide 
flexibility, accuracy and durability. Types OP-193-A and. 





OP-193-B are especially adapted for noise pick-up level 
work in testing radio receivers, where the use of headphones 


is desired. A special ihree-position switch enables use of 





‘ Ms 

f X res nits headphones circuit, meter circuit. or both simultaneously. 
ie aN | 

i is pee * OTHER SPECIFICATIONS 





POWER OV 











hag) DAWEN COMPANY INDICATING METER 
— Rectifier type AC, calibrated 1 to 50mw and 0 to 17 DB. Refer- 5 te ) \ eo 
ence level 0 OB = Imw i sentinel 
. METER MULTIPLIER 
OP-182 OP-182, OP-193-A, OP-193-B—Extends meter power reading, 0.1 OTe Rea 
+ O.lmw te 5 wots. to 100 X scale; DB reading —10 to +20 DB, in 10 DB steps be \\ \ Sites 
e: 40 values, OP-961 — Extends meter power reading, 0.) to 1000 X scale ; 
‘ 2.5 to 20,000 {) DB reading, —10 to +30 DB, in 2 DB steps 
¥%. MOUNTING 
3 OP-182 — Black meta! panel, hand rubbed walnut 
12°'x6''x6' 
OP-961—Black metal panel, ventilated metal case, 12''x7''xé 
OP-193-A, OP-193-B — Black bakelite panel, portable cabi 
with removable cover, 1354''x7%'‘x5i/,' 


















$04 Dy G AR BONDS}! 


~ DAVEN = = 


191 CENTRAL AVENUWJVE 
NEWARK 4, NEW JERSEY 
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_. The DREVER 
> AMMONIA 
DISSOCIATOR 


©@e@> 


‘ , : 
























TYPICAL CONTROL PANEL 


The cost of bottled am- 

monia is approximately } 
one-third that of bottled 
hydrogen. One 100 lb. Yo) 
cylinder of ammonia pro- “ 
duces the equivalent of 
seventeen-200 cubic foot 
cylinders of hydrogen. Ob- 
vious savings in cost, stor- 
age and handling. 








A COMPLETE RANGE OF SIZES The Drever Ammonia Dissociator produces the ideal economical furnace 























FOR EVERY REQUIREMENT atmosphere for: 
1. Bright Annealing stainless steels, beryllium copper, pure 
SIZE KW nickel and nickel alloys, silicon steels, and other difficult i 
* 100 CrH 31/, and exacting metals | 
— _ 2. Hydrogen Brazing 
250 CFH 7 3. Bright Hardening of high chrome steels } 
500 CFH 12 4. Reduction of metallic oxides and sintering of powdered metals 
5. Atomic Welding 
—— and The inherent quality and economy of these units is being proved in } 
2000 CFH 40 service in many plants all over the country. Deliveries are good. For 














complete details write: | 







Laboratory sizes not listed above are 
available for use in experimental and 
developmental work 


THE 





New York and New England — Gerald B. Duff, 68 Clinton Ave., Newark 5, N. J. 
PRESSURE QUENCHES CONTINUQUS FURNACE LINES - HEAT . TREATING FURNACES 
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Provide Dependable Power 
and Meet 


Mechanical Design Specifications 


The problem of a well-known manufacturer of ’ aw / 


hint 
Tabulatims Ma 


} 


business machines was to obtain a motor and a | 
t Poweres 


abo 


generator that not only provided the correct power Holtzer-* 

to operate extremely sensitive solenoids but also 

fit the space which was at a premium. Holtzer And although today. 

Cabot motor development engineers tackled the job devoted entirely to manuta 

and designed a special motor and generator with tional H. P. motors for \ 

he proper performance characteristics in special ment engineers will 
which fitted the space specifications . . . and your post 

another motor problem was solved. 

For over 5O vears Holtzer-Cabot has Motor 


} 


concentrated its energies 1n dest Jf}- 
ct ti Miecs accented -seceunes 0 Hg: 
Ing a 1 DUTICII S MOcors. 4 me 
Division of First Industrial Corporation 


Designers and Builders of Special Fractional HP Motors and Electrical Apparatus 


. HICAG . * JEW YORK N_ Y © PHILA 











CONTROL VARYING LINE VOLTAGES 


TO 115 VOLTS + 13% 


Ordinary A.C. line voltages as taken from supply 
mains often vary as much as from 95 to 130 
volts. This impairs the precision operation of 
electrical equipment. 


A Raytheon Voltage Stabilizer, built into new 
products or incorporated into equipment al- 
ready in use, overcomes the disadvantage of 
fluctuating voltages by providing an accu- 


rately controlled source of power to +!.°,. 


Here's what a Raytheon Stabilizer does— 
‘stabilizes varying input voltage from 95 to 130 


EFFECT OF VARIABLE FREQUENCY 


Since partial resonance is a requisite design 
feature, these devices are sensitive to fre- 
quency changes. The output voltage will vary 
in the same direction and 1.4 times the per- 
centage change in frequency, over a range of 
5° of the normal frequency. 


Stabilization, however, will be within + 15° at 
the output voltage which is established by the 
frequency. 





aa 
volts to 115 volts =!.°) within 2 cycles. “ 0 pe eee 
, fi | 
Raytheon Voltage Stabilizers are entirely auto- YPE VR 2 a jenn ame 
: ‘ A JT VS OUTPUT VOLTAGE ” Att 7 | 
matic. They require no adjustments or repeated sete t ws sa YY 
‘ ‘ FOR VARIOUS FREQUENCIES WY, | 
maintenance. No moving parts assure long life. od ° ~ Ye | 
Write for bulletin DL 48-537. f | 
( Pig meng 
“eget eae . , 
Tune in the Raytheon radio program: “MEET YOUR NAVY,” every Saturday night on the Blue Network. Consult your local newspaper | : x > for time and station 


The coveted Army-Navy “E,”’ for 
Excellence in the manufacture of 
war equipment and tubes, flies 


MANUFACTURING COMPANY over all four Raytheon Plants 


RA Biécsricat Eoulement Dwiion 


190 WILLOW STREET, WALTHAM, MASS. 


Devoted to research and manufacture of complete electronic equipment ; receiving, transmitting and hearing aid tuhes; transformers; and voltage stabilizers. 





where over 16,000 men and wom- 


en are producing for VICTORY. 
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ow cold 


HAT’S it like at —320°F? And how do 
you measure it accurately under severe 


field conditions? 


This was a question that had never come up 
until we were handed a neat little problem by 


Clark Bros. Co. and the M. W. Kellogg Co. in 


connection with a highly important piece of 


U. S. Army equipment, the purpose of which 
cannot be disclosed. It was an interesting chal- 
lenge. Nevertheless, our long experience in de- 
signing tube systems to meet the unusual de- 


mands of industry permitted us to take the job 





is 320° below? 


in our stride. ‘To be sure, it took some “doing” 
to provide the necessary over-range protection 
to withstand atmospheric temperatures as high 
as 150°F. when not in service; to produce the 
calibrating equipment; and to determine which 
metals would perform safely when exposed to 


such low temperatures. 


Not all of our work is this spectacular. But the 
point we wish to make is that this particular job 
is another interesting, and entirely practical, 
application of tube system type instruments, 


and the versatility of Taylor Engineers. 


Whether you want to plumb the depths of un- 
explored low temperatures—or measure or con- 
trol any temperatures from there on up to 
1000° F.— you can depend on Taylor capillary 
type thermal elements. Taylor Instrument Com- 
panies, Rochester, N. Y., and Toronto, Canada. 
Instruments for indicating, recording and con- 
trolling temperature, pressure, humidity, flow and 


liquid level. 











‘Taylor Instruments 


MEAN 


ACCURACY FIRST 

















BUY MORE WAR BONDS — AND KEEP ’EM 








IN HOME AND INDUSTRY 
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BOUGHT THIS BRUSH SURFACE ANALYZER 


When the Addressograph-Multigraph Corporation in Cleveland, found 
it mecessary to accurately measure the surface finish on grained zinc 
plates, they bought a Brush Surface Analyzer to do the job. Now, they 
are able to control these surfaces. to micro-inch roughness by studying 
graphic readings of the irregularities measured to one millionth 
of an inch (.000001”). 
This instrument was purchased with a high priority rating. No longer 
is this necessary. Greatly expanded production facilities are now 
enabling us to make prompt delivery with no priorities. 


The Brush Surface Analyzer is an indispensable tool in modern pro- 
duction where closer control of surface finish is greatly emphasized. 


See how this instrument can best serve your production needs by 
a demonstration at your plant. 


Also write for a free brochure —“Surface Finish —.000001 inch.” 
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WEIGHS 10 POUNDS 


SIZE: 43 by 4 by 14 inches 


! HIS 6-ELEMENT OSCILLOGRAPH was developed 
for use where light weight and small size are 
essential. It’s easily portable, to obtain “‘on the spot”’ 








G-E oscillograph, photographic records of the characteristics or the 
Howden phen = ; performance of many machines and devices. Records 
zine film hatter, simultaneous variations of six rapidly changing 
driving head, and phenomena. Type PM-17; net price, $850 up. Write 


a-c motor unit 


today for leaflet GEA-4331. 


IF SMALL SIZE iS NOT ESSENTIAL, HERE 
ARE OTHER G-E OSCILLOGRAPHS 


TYPE PM-l0—Records 6 to 12 phenomena simultan- 
eously. A large, multi-element, general-purpose 
oscillograph for a wide field of application. Includes 
simultaneous viewing with recording. Net price, 
$3160 up. 


TYPE PM-12—Anyone can operate it. For work in 
the field, in the laboratory, or in the classroom. For 
either visual indications or taking oscillograms of 
current and voltage waves. Originally developed for 





} 








Portable oscillo- 


raph, Type PM-12, school use, industry has found this 2-element port- 
or general use able especially valuable for observing or recording 
where only two ele- : ; 

ments are required welding current. Net price, $665. 





TYPE PM-13—Entirely automatic. Can take as many 
as 100 oscillograms of transients and surges without 
attention. Particularly useful for determining the 
sequence of relay and breaker operation and the 
effect on system stability. Net price, $2125. 


Automatic oscillo- Our nearest office will be glad to help you select 
raph, Type PM -13. : : : ; 

nl recording one- the right oscillograph for your specific requirements. 

quarter cycle after General Electric Company, Schenectady 5, N. Y. 


disturbance occurs 











BUY WAR BONDS AND KEEP THEM 
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CHECKING RELAY REBOUNCE BY 





ALLEN B. DUMONT LABORATORIES, IN 
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Fy Parasitic oscillations caused by rebouncing relay contacts can 
prove mighty troublesome. However, DuMont Oscillography (oscil!- 
lographic equipment plus the know-how) can be invaluable in 
determining the source of such difficulty as well as providing con- 


clusive evidence that. remedial measures have proved effective. | 


For instance: 


A standard DuMont oscillograph 
with single-sweep feature is used. 
No additional accessories required. 
Relay is actuated by closing a 
switch. Relay contact applies 60- 
cycle wave to vertical deflection 
plates of cathode-ray tube. With 
sweep frequency set at 60 cycles, 
one complete sine wave period ap- 
pears on screen. 

If relay contact closes without re- 
bounce, the transition from horizon- 
tal line to sine wave is a simple 
straight line and generally occurs 
so quickly that it is difficult to ob- 
serve visually. However, if re- 
bounce is present, the interruptions 
are indicated by a series of parallel 
vertical lines readily observed, as 
in Fig. 1. 

If it is desired to determine the 


number of interruptions and dura- 
tion of rebounce periods, photo- 
graphic records are made. Since the 
frequency of the sine wave is 
known, the evaluation of results is 
simple. In this oscillogram there 
were over 20 rebounces before es- 
tablishing definite contact. Total 
duration of series of rebounces is 
1/250th second. Time between 
opening and closing of contact is 
about 50 microseconds. Greater ac- 
curacy may be had by using higher 
frequency wave generated by an 
external oscillator. 

Fig. 2 oscillogram demonstrates 
that rebounce has been eliminated 
by cadmium plating the contacts, 
amalgamating with mercury, and 
finally dropping liquid mercury on 
them. 


An illustration from hundreds of useful applications of DuMont 
Cathode-Ray Oscillographs. Perhaps your measurement technique 
can be simplified or improved upon by DuMont. 


Vscuseae Cloolaonain s 


C., PASSAIC, NEW JERSEY + CABLE ADDRESS: WESPEXLIN, NEW YORK 


° ALLEN B. DUMONT LABORATORIES. INC. 
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The Story o of the Dirty Boiler Rien and 
















low Meter w 
|» ay p y - is 


the 
| 


. ; 


rT his one 
F Sckouan 
in the 
famous 
* Believe 


series of 


Robert L. Ripley: 


ACochrane Flow Meter, of the tilt- 
ing U-tube type, was installed in a 
boiler room, which, far from being 
the bright, clean, “‘eat-off-the- 
floor’ variety the readers of this 
magazine are familiar with, was 
very dirty indeed. The operators, 
again unlike our readers, were 
probably rather careless, for the glass 
on the meter door was cracked 
and no one bothered to replace it. 
The meter, being of the indicating 
type, required no change of chart, 
or other excuse for opening the 
door, but continued to function 
properly for two years. Then there 
was an inspection. and it was found 
that the meter case was half-filled 
with coal dust...and that the tilt- 
ing manometer had kept plough- 
ing a clear path for its operation. 
Its accurate performance had not 


been affected. That’s POWER! 


It or Not" 








ith the Cracked Glass 


What is the secret of this 
power inherent in every 
Cochrane Tilting U-tube 
type of Flow Meter? 





Simply this: the difference in rate 
of flow in the pipe line changes 
the level of the mercury in a 
sealed U-tube which 1s balanced 
on a knife-edge bearing. As the 
mercury shifts from one side to 
the other of the U-tube, the bal- 
ance swings, moving indicator, 
pen arm and integrator to record 
the change in flow. 


Simple . . . powerful . . . never- 
failing. If you have a tough me- 
tering job, if your operators are 
unskilled in instrument care and 
maintenance, if you want the 
simplest and most powerful flow 
meter made, this Cochrane Tilt- 
ing U-tube Meter was made for 
you. Write today to’ Cochrane 
Corporation, Flow Meter Division, 
3120 N.17 St., Philadelphia 32, Pa. 
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A NEW -hp- AUDIO OSCILLATOR © 


3 OUTSTANDING NEW FEATURES: 1. ACCURATE CONTROL DIAL 


EASY TO READ « NO PARALLAX 


2. RUGGED CONSTRUCTION 
3. IMPROVED CIRCUIT | 


The Model 200-1 is a resistance-tuned 
audio oscillator designed to provide 






















high stability and accuracy for use in } 

frequency measurements. It has a range 

from 6 cps to 6000 cps¥ divided into six frequency 
ranges as follows: 6 to 20, 20 to 60, 60 to 200, 
200 to 600, 600 to 2000 and 2000 to 6000 cps. | 
Each of these ranges has an individual frequency 1 
adjustment so that the instrument may be set to a 
frequency standard such as the -/p- Model 100-B. 
The large, 6-inch diameter, main frequency dial | 





is calibrated over approximately 300 degrees, mak- 
ing possible a large number of calibrated points 
to cover the entire range. The dial itself rotates | 
behind a fine wire locator which is visible through 
an opening in the panel. Parallax is completely 
eliminated and calibrations are spread ‘over an 





Spring loaded 
gear-drive to 
maintain accuracy 






effective scale length of nearly eight feet. Fast) 






and extremely accurate settings are made easily 
















with this dial. There are two manual controls: one 
direct action, and the second for vernier adjust- 


ments. An electronically regulated power supply | 








is included to assure greatly improved stability. 
The Model 200-I -/p- Audio Oscillator is but | 
one among many new -Ap- instruments which are 
to make public appearance as the cloak of mili- | 
tary secrecy is removed. Preliminary technical 
information is available on this instrument now 
... write for it! And watch for the early release of 
other new -Ap- instruments. 
*This frequency coverage was selected for interpola- 
tion work. Other frequency ranges can be supplied 
from 6 cps to 100 ke on special order. 


HEWLETT-PACKARD COMPANY 
930 P. O. Box 930 C Station A, Palo Alto, California 
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They Even Prevent 
Human Forgetfulness! 










































<> 


Above: Convenient, accessible, 
the Foxboro Level Recorder (top 
instrument) in the Taunton, 
Mass., Municipal Lighting Plant 
provides sure, safe reading. 
Foxboro Recorder (lower instru 
ment) gives continuous accurate 
records of steam and feed water 
temperatures. 


Left: Foxboro Boiler Water Level 
Indicator 





OXBOR 


REG. VU. S. PAT. OFF. 


Foxboro Liquid Level Indi- 
cators and Recorders bring 
boiler-water readings out 
where they practically 
can‘t be overlooked! 


Here's a typical example of the engi 
neering thoroughness that goes into the 
design of every type of Foxboro Instru- 
mentation. 


Even'the hazards of human careless 
ness in boiler operation have been fore. 
seen in the design of Foxboro Boiler 
Water Level Instruments. These safer 
level gauges are designed for mount 
ing at eye-level in the most-accessible 
location...where frequent reading 
practically can’t be overlooked! 


What's more, the Indicator has a 
highly visible dial that shows up clearly 
in any light where men can work. The 
Recorder not only permits easy check- 
up at any instant, but provides continu- 
ous graphic records to prove whether 
correct level has been maintained. 


Foxboro Boiler Water Level Indicators 
and Recorders are made for any pres- 
sures encountered in modern steam 
power plant practice. Simply, ruggedly 
constructed to serve many years with 
out maintenance. No glass to break... 
easily installed without disturbing the 
gauge-glass. Write for detailed informa- 
tion. The Foxboro Company, 46 Nepon- 
set Avenue, Foxboro, Mass., U.S. A. 


ATLANTA, GA., Room713, 101 Marietta Street Bldg 


* BOILER WATER 
LEVEL INSTRUMENTS 
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This 100-ton “merry-go-round” curing press for fairings or 
“cuffs” on propeller blades was built in an Eastern plant 
to break a bottleneck in the production of these critical 
airplane parts. 


Ebonite fairings on two sets of 21 propeller blades are 
cured simultaneously under the direction of the 42 instru- 
ments mounted around the center — one for each curing 
mold. And these instruments are driven by synchronous, 
self-starting Telechron motors. They control temperatures 
in the curing mold through cam-operated water and steam 
valves, and provide records of curing time and pressure for 
each blade being processed. 


FOR THIS MEpp, 


TELECHRON SET 
Sr 
We 


“Co 
“Ro 
Vy 
é 


—helping to break bottlenecks and speed victory. They 
are available in sizes from 12 to 250 volts for all commercial 
frequencies — and from 1 to 1800 rpm. Their industrial 
applications include: 


TIMING * CONTROLLING * METERING © RECORDING 

SWITCHING © CYCLING OPERATIONS ¢ SIGNALING 

FIXED PROCESS CONTROLLING © MEASURING ¢ GAGING 
REGULATION © COMMUNICATION 


Our experience as the oldest and largest makers of 


synchronous, self-starting electric 





Adaptable and dependable, 
Telechron motors are doing all 
kinds of timing, controlling and re- 
cording jobs in many different fields 


ASHLAND 





Telechron 


REG.U.S. PAT. OFF 
WARREN TELECHRON COMPANY 
MASSACHUSETTS 


motors for instrumentation is freely 
available to you. If you’d like our 
help, just write Motor Advisory Ser- 
vice, Dept. B. 








MAKERS OF TELECHRON 
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PRECISION ELECTRICAL MEASURING INSTRUMENTS 


‘ay ROLLER-SMITH 





Hy 
4 


] 

C | MINIATURE PANEL AND SWITCHBOARD INSTRUMENTS 
; Sturdy construction contributes to the permanent accuracy of these precision 
: electrical instruments. Size ranges from small.light-weight units to large instru- 
© ments for power plant switchboards. 3.5” Type T. Scale length 2.1”. Accuracy 2%. 
} Available in square or round, flush or projection models for measuring d-c 
microamperes, milliamperes, amperes, volts and millivolts; a-c microamperes, 


7) milliamperes, amperes and volts. Supplied in all popular ranges. 





\’ Type F in round, flush or projection case. Scale length 234” for round 


models and 3%” for square models. Accuracy 1%. 3.5" Round Flush Bakelite Case 


} Miniature Panel Instrument 
; 4%" Type FJ in semi-flush rectangular case. Scale length 3%” for d-c, 356” 


for a-c. Accuracy 2%. 





Both 4” and 4/4” models are available for measuring d-c microamperes, milli- 
amperes, amperes, volts and millivolts; a-c microamperes, milliamperes, amperes 
and volts in all popular ranges. 

1%" d-c ammeters and voltmeters, aircraft type. Design and development 
of these instruments were based on U.S. Army Air Corps specifications. 


Ammeters are available in all practical ranges above 500 microamperes; volt- 





meters in all practical ranges above 50 millivolts. 





2)" a-c voltmeters, range and scale 0-150 volts, 400 cycles. These instruments 
are built for special aircraft use and are designed to meet the most rigid aircraft 4.5" Semi-flush 
~ Bakelite Case Panel Instrument 


specifications. 


PORTABLE INSTRUMENTS 


Combining high accuracy with dependability, Roller-Smith 
portable instruments are ruggedly built for severe service. 


*Steel-Six” — Size 6” x 6” x 4”. Scale length 536”. Accu- 
racy 2 of 1% for d-c instruments. For a-c ammeters, 
voltmeters and single phase watt meters, 12 of 1%; 1% 








he 
ae ; for polyphase watt meters, frequency meters and power 
_ factor meters. Designed for general testing where an 
rial accurate but moderately priced instrument is required. 
Type NP—Size 8” x 8” x 518”. Scale length 54”. Accu- 
ING racy }4 of 1%. Designed for general testing where a highly 
NG big accurate and extremely rugged instrument is required. 7), WP Portable Instrument 
Type “Steel-Six” Portable Instrument |Jnits measured are d-c amperes, milliamperes, volts and 
NG millivolts; a-c amperes, volts, watts, power factor and 
frequency. All popular ranges are available in single or 
multi-range models. 
of Send for literature 
tric 
ely 
er- 
' ” BETHLEHEM, PENNA. 
Canadian Plant: ROLLER-SMITH MARSLAND LTD., Kitchener, Ontario 
Sols eepreapetations STANDARD AND PRECISION ELECTRICAL INSTRUMENTS © AIRCRAFT INSTRUMENTS + PRECISION 
In all Principal Cities 
BALANCES « AIR AND OIL CIRCUIT BREAKERS © ROTARY SWITCHES © SWITCHGEAR «© RELAYS 
's 
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POWERSTATS 


BUILT TO NAVY. 
SERVICE “A” 
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SEND FOR BULLETINS 149 SI and 163 SI 


SUPERIOR ELECTRIC COMPANY 


BRISTOL, CONNECTICUT 


420 LAUREL STREET ® 
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‘“FREEZES”’ 
MOTION IN 
RANGE OF 
Telemn co m-lelemelele 
RPM 





Rotary speeds fromm 
or vibrations from 4 
stopped" and sft 
Stroboscope. The lig 
a small probe at the 
ible cable. 


This makes it easy to e 

at close range. Provision is m 

unit from external tuning fork 

ards, where extreme accuracy? 

motion of objects moving at irreguam 
may also be “stopped” with the Moga 


SEND FOR COM 


COMMUNICATION MEA 


Rotobridge - Electronic Generd 
120 GREENWICH STREET 
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DIRECTIONS FOR USE OF FAXFILM 


‘Trade Mark Reg. U. S. Pat. Off.) 


An Economical — Speedy — Simple Method of Surface Inspection — 
Surface Contours Enlarged 100 Diameters in Three Dimensions. 


Faxfilm method reproduces surface 
finishes of any material in THIRD 
DIMENSION for instant comparison 
with standards for roughness, wavi- 
ness and lay, and for checking sur- 
faces for cleaveage, cracks, porosity, 
dents, scratches, etc., by means of 
projection on any projector. En- 
larged 10,000 times, or 100 diame- 
ters, Faxfilm is distinct and will show 
details of the finest irregularities up 
to .0001"". 

Faxfilm is non-inflammable and can 
be used with high powered project- 
ors, and will withstand high heat with- 
out distortion. 

At a small fraction of the cost of 
a photomicrograph, a complete Fax- 
film three dimensional replica is made 
in less than a minute by a few simple 
operations, 


Here’s How You Do it 
1. Cut off | inch of film with scissors. 


2. Wet surface specimen with sol- 
vent—about 2 drops is all that is 
necessary. 


3. Press film firmly on surface. 
Let dry for 30 to 60 seconds. 


5. Using moistener supplied in Kit, 
moisten entire gummed surface of 
frame so that adhesive will be 
softened to hold film when ready. 


6. Peel Faxfilm from specimen. 
7. Affix in gummed Faxfilm frame 
for projection. 


The record of your specimen sur- 
face is now permanent and unalter- 


able. 


Caution 


lt is very essential that the entire 
gummed surface of the Faxfilm frame 
be wet before mounting the film, 
otherwise the frame is liable to open 
up. 

Be sure solvent does not get on the 
upperside of the film as it will mold a 
fingerprint on the film when pressed 


Faxfilm Model B-500 Micro-Projector with |" focal 
$72-50 


lf projector is not required order Faxfilm Model A-250 
Kit with all materials and equipment required to make 


length lens and all materials required 


to make 500 Faxfilm Lantern Slides. . . 


250 Faxfilm Lantern Slides. 
Prompt Shipment 
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down on the surface. If there is any 
danger of getting solvent on the 
fingers, a few drops of olive oil on 
fingertips will avoid fingerprints on 
reverse side of film when it is rubbed 
down on surface specimen. 


If surface is dirty, it may be cleaned 
with the solvent by brushing. Care 
must be taken in using a cloth that 
lint is not left to become attached to 
the replica. Very often Faxfilm is used 
to determine the amount of corrosion 
on the specimen, and when using it 
for this purpose, the surface is not 
cleaned. Much of the corrosion will 
be attached to the film and will show 
as opaque particles when projected. 

When making experiments on any- 
thing to which the dissolved plastic 
might adhere, it is necessary to first 
oil the surface, preferably with a little 
olive oil or light oil such as Three in 
One. The oil should be dropped on 
the ¢ urface and rubbed in, then when 
the Faxfilm is made, the solvent 
should be applied to the film by 
brushing and then rubbed down. Do 
not let this type of replica remain on 
longer than one minute, otherwise it 
is liable to pull up fibrous material 
into the film. 

Film should be held firmly on sur- 
face and not allowed to slide or 
replica will be smeared. 

Let the film set for 40 seconds or 
up to 15 minutes after applying to 
surface. If too short a time is allowed, 
the replica is marred and not true. If 
allowed to dry too long, the Faxfilm 
is liable to take a permanent curl set. 

Peel the film from the surface speci- 
men starting at the end, not from the 
side. 

Mount film in Faxfilm Frame imme- 
diately after peeling from surface to 
avoid film curl. 

If clear spots appear in the film, 
it indicates that air bubbles are pres- 
ent and that the Faxfilm has not been 
pressed down firmly enough on the 


$15 


surface to remove them or that in- 
sufficient solvent has been used. 

In comparing micro finished sur- 
faces, the highest enlargement pos- 
sible should be used. 

Faxfilm reproductions of etched 
metal require a firm pressure and are 
more distinct on etched material than 
the plain ones. 

When working on curved surfaces, 
such as the side of a cone, a more 
uniform impression is obtained by 
using the shortest possible length of 
film. 

Faxfilm may be tinted by means 
of eosine, methylene blue, or other 
dyes, and in some instances are help- 
ful in bringing out contrasts. 

lt is often useful to calibrate a 
screen by laying it off into divisions 
of one inch and |/l0th of an inch, 
where the 100 diameter enlargement 
equals 1/100th of an inch and 
1/1000 of an inch over the enlarged 
Faxfilm picture. Many specimens are 
apparently out of focus for the entire 
film, but by moving the focus back 
and forth, different planes may be 
inspected and a calibration on the 
focusing lens will determine definitely 
the distance between planes. 

Replicas of fine botanical and 
zoological specimens may be made 
by oiling the specimen and pressing 
down firmly into the film on which 
solvent lias been applied. Great care 
must be taken that the solvent does 
not get on the other side of the film. 

Faxfilm is used in crystallography in 
examining various salts, The salts is 
sifted one layer thick on a clean sur- 
face. The Faxfilm is treated with the 
solvent and held in both hands and 
touched down on the surface to pick 
up the crystals. It is then immediately 
mounted in the Faxfilm frame before 
drying and is ready for projection. 
Polaroid may be used to polarize the 
light used for crystal examination. 

Faxfilm cannot be.made on surfaces 
that are soluble in the solvent such as 
painted and lacquered surfaces. 


Ready January |5—Faxfilm Dual Comparator—an ideal 
apparatus for the shop and laboratory to study and 
control surface finishes. 
Write for details. 


ENGINEER AND PHYSICIST 


5109 Mayfield Rd., 


$475 


S. Euclid, Ohio 























@ It’s the little things that loom biggest 
in the manufacture of delicate electrical 
measuring instruments. Little things like 
specks of dust or breath condensation 
can play havoc with accuracy. That’s 
why Triplett Instruments are made in 
spotless manufacturing departments; why 


the air is washed clean, de-humidified and 


4 a e 





* DUSTLESSTOWN, OHIO — 


whet Triplett 


ELECTRICAL INSTRUMENT CO. s.urrton, onto 
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temperature-controlled; why every step 
in their mass production is protected. 
As a result Triplett Instruments perform 
better, last longer and render greater 


service value. 


Extra Care in our work puts Extra 


Value in your Triplett Instrument. 






oo 













Here's an ESSENTIAL TOOL for Radio-Electronic Engineers, Designers, 
Equipment Builders, Manufacturers... a 


@ Why essential? That's a big statement. Let us qualify: 

This new Aerovox Catalog contains that information which is 
essential to those who design and build radio-electronic equip- 
ment. Here is general and specific engineering data on capacitors 
and their applications; detailed specifications on various types; 
listings of recommended types and ratings; special notes cover- 
ing special features and special types; color codes; etc. 

For greater convenience, the catalog is divided into four sec- 
tions, each with its tab-indexed cover. These sections comprise 
Mica Capacitors, Application Engineering Data, Paper Capacitors, 
Electrolytic Capacitors. The plastic binding permits pages to lie 
absolutely flat. 

In preparation for a year and a half—involving widespread gath- 
ering of data and intensive compilation—this combination manual- 
catalog represents an outstanding contribution to the working 
library of the radio-electronic engineer and executive. It was pre- 
pared BY engineers FOR engineers; contains absolutely no adver- 
tising —just information on capacitance and capacitors. And be- 
cause of cost, its circulation is strictly limited to engineers and 
executives. 

@ Write for Your Copy... 


If you are engaged in designing or building radio-electronic 
equipment of recognized standing, write on your business 
letterhead for your registered copy. Also submit your capac- 
itor problems and requirements for our collaboration. 


AEROVOX CORPORATION, NEW BEDFORD, MASS.., U.S.A. ‘ SALES OFFICES IN ALL PRINCIPAL CITIES 
Export: 13 E. 40 St., NEw York 16, N. Y. - Cable: ‘ARLAB’ - In Canada: AEROVOX CANADA LTD., HAMILTON, ONT 
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SES. UNLIMITe: 





FOR ENGINEERS 


A COLOR FILM IN SOUND 





























th- F 3 ' : 
“ Thc fast-moving action, interesting color, and concise others have solved electrical control problems by the 
g description in ‘Uses Unlimited’’ show how Micro _ use of Micro Switches. 
e Switches are made, and how they are being used by — “Uses Unlimited” is available to industrial groups, 
or- production and design engineers throughout industry —_ technical societies, training classes, schools and col- 
e- to control everything from sensitive, precise instru- leges. Size: 16 mm. Length: 40 minutes. 

ments and office equipment to heavy duty machinery. ; 
. | — ait y Contact the Y. M. C. A. Motion Picture Bureau: 


This film is packed with examples of tried and proven 347 Madison Ave., New York, N. Y.; 19 So. La Salle 
applications of Micro Switches. It will stimulate the St., Chicago, Ill.; 351 Turk St., San Francisco, Calif. 


thinking of your engineers by showing them how or ; 

# The basic Micro Switch is a thumb-size, } 
t feather-light, plastic enclosed, precision 17 
snap-action switch, Underwriters’ listed and ia 
rated at 1200 V. A., at 125 to 460 volts i 
a-c. Capacity on d-c depends on load 
characteristics. Accurate repeat perform- 


MARK : ance is experienced over millions of opera- 
7 tions. Wide variety of basic switches and 
M len | actuators meets requirements varying from 
fw |} high vibration resistance to sensitivity of 
TRADE ’ . . 
operating force and motion as low as 


2/1000 ounce-inches. Many types of metal 
A DIVISION OF FIRST INDUSTRIAL CORPORATION housings are available. 





















FREEPORT, ILL., US.A., Sales Offices in New York, Chicago, ate it Mick ti Meee 
Cleveland, Los Angeles, Boston, Dallas, Portland, (Ore.) Buy EXTRA War Bonds 






= 
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A HIGH HONOR FOR 








United States Army Air Forces’ 
Approved Quality Control Rating 
















“As a result of the efficiency of your inspection personnel and 
procedures in production of equipment for the Army Air 
Forces, your company has been given an ‘approved’ quality con- 
trol rating” —this is a direct quotation from the letter received by 
the DeJur-Amsco Corporation from the District Supervisor, East- 


ern Procurement District, AAF Technical Service Command. 


This rating is the Army Air Forces’ official recognition of the 
ability of the DeJur inspection personnel to meet all AAF inspec- 
tion requirements. And it means that in future fabrication of 
DeJur products, Air Corps inspectors will not function in the 
same capacity as heretofore but will stand by merely for super- 
visory purposes. The men and women inspectors of the DeJur- 


Amsco Corporation are extremely pleased with this new honor, 








and pledge unrelenting care in the performance of their duties. 


BUY MORE WAR BONDS...HOLD ON TO THEM 


DeJurAmsco Corporation 


NORTHERN BOULEVARD AT 45th STREET 
Long Island City | New York 
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LITY 


A BIG FEATURE OF whe sacreD 
COCHRANE - ; : TUBE 
ROTAMETERS | 


SERIES 100 








SCALE 
CALIBRATED FOR 
NATURAL GAS 


vnpenevovenernerenee? 


SCALE 
CALIBRATED FOR 
PROPANE 


CHANGE FROM 
ONE SERVICE TO 
ANOTHER .... 
WITHOUT CHANGING 
METERING TUBE 


Bt Dart ores Nebe Saty 


THTTINOTTY, 
Giawaes 


ow 


One important advantage 

of the Series 100 Reta- 

meter is the interchangeable 

’ scales that make it possible to 

use the same Rotemeter when 

it is desired te change from 

one service te another. New and 

accurate scales can be furnished 

quickly and inexpensively with- 

: ps | out loss of time and expense in 

pepe = Geely ee Write for New returning meters for recalibra- 
IS ETCHED IN TUBE Publication No. 4135 tion or new tuhes and Moats. 





SO yf 


a Y 


(ULLAL AUN 


- 


: n & é 
Diwy COCHRANE CORPORATION - 17th & Allegheny Ave. PHILADELPHIA 52, PA. 


ae 














“THE COCHRANE LINE OF FLOW MEASURING INSTRUMENTS INCLUDES, BESIDES ROTAMETERS: ELECTRIC FLOW METERS, — 
MECHANICAL FLOW. METERS, BOILER METERS, LIQUID LEVEL RECORDERS, RING BALANCE METERS, UNAMETERS, TEMPERA- 
TURE AND PRESSURE RECORDERS, STATIONARY U-TUBE METERS, ‘WER MASTERS». i 





inate Bit tone lan bala is ri 
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Conrin Gualil Cortl@ol adds plenty to our cost of manufacturing Cannon Plugs. We 


can’t hold to such high production standards without paying for it. 











But what is it worth? d 


When a set of flying instruments go dead in a soupy fog, when a motor konks out in a z 
power dive, when a plane crashes with a loss of life—it’s worth a lot to ws to know that a r 
Cannon Plug didn’t cause the trouble. | ‘i 

And if such assurance is worth tiYe extra time and better materials and added inspection cost 
to us, how much more is it worth to the men directly involved? | a 


Your answer to that one is your best reason for using Cannon Plugs exclusively. 


The bulletin on Cannon Type AN 
Connectors . . . gives a complete 
explanation of construction and 
operation of AN plugs. 96 pages 
with ample illustrations. Address 
Dept. A-123, Cannon Electric De- 
velopment Co., Los Angeles 31, 
California. 















Type AN3101 (left) newest Cannon Connector is a portable receptacle which 
mates with AN3106 (right). 






¢ as 
CANNON 
ELECTRIC 
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4 New Vaeewune $witth 
(EYING RELAY a 





Here is convincing proof that a keying relay 
does not have to be complicated to be efficient. 
In fact, just the reverse! Actually, the extreme 
reliability with which Struthers-Dunn Type 
78CCA100 Relay holds its adjustments is the di- 
rect result of its new simplified and rigid design 
which utilizes an absolute minimum of parts. 

Originally made for aircraft use, it weighs 
little, is exceptionally sturdy, and has all parts 
readily accessible. Tests show a minimum life 
of five million operations. 

The Relay has seven poles, including one 
double-throw pole which handles high-voltage 
radio frequency currents by means of a vacuum 
switch. All high-voltage parts are rounded to 
reduce corona. 

Write for complete details, or get in touch 
with your nearest Struthers-Dunn Field Engineer. 





STRUTHERS-DUNN, Inc. 
1321 ARCH STRECT PHILADELPHIA 7, PA. 





DISTRICT ENGINEERING OFFICES: ATLANTA . BALTIMORE » B@STON . BUFFALO . CHICAGO . CINCINNATI . CLEVBLAND 
DALLAS . DENVER « DETROIT «. HARTFORD ~ INDIANAPOLIS « LOS ANGELES « MINNEAPOLIS « MONTREAL 
NEW YORK. PITTSBURGH ~ ST. LOUIS » SAN FRANCISCO. SEATTLE « SYRACUSE » TORONTO ~« WASHINGTON 
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History of Communications. Number Twelve of a Seri 


COMMUNICATION BY THE BLINKER 


The Blinker, an adaptation of the Heliograph with its own source ¢ 
light, has been found invaluable for night and day Naval Communica 
tions. While limited by “line-of-sight” transmission and the elements 0 
weather, it has been an aid to our cautious convoys during “radi 
silence.” 


When Victory is ours and the days of “radio silences” are gone forevey 
private citizens again will have electronic voice communication equip} 
ment for their yachts and other pleasure craft. With the release « 

civilian radio bands Universal will again offer the many electronic voic 

components for use in marine craft. 


< FREE—History of Communications Picture 
Portfolio. Contains over a dozen pictures suit- 
able for office, den, or hobby room. Write for 
your “Portfolio” today. 


UNIVERSAL MICROPHONE COMPANY (@)e*a) 
INGLEWOOD, CALIFORNIA —) 


EXCELLENCE IN PRODUCTIO 


FOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO TI, CALIFORNIA ~ CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADE 
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BRISTOL 


Bristol’s new Model 93 Air-operated Controllers 
are designed for those cases where you want varia- 
bles put under accurate control, but where chart 
records are either not required or are otherwise 


provided for. 


ga 


BRISTOL a | mp 2) 


| 293 TEMPERATURE 
CONTROLLER 


BRISTOL | —~~| olaalo | & . 
SYNCHRO ce a 2) f ot 
——— 1] 
—_ po i 


io ooh ae CONNECTING 
TUBING 


17 PSI AIR SUPPLY 


= . r \ ta ‘a 9 
as SC)! 
STEAM 
SUPPLY 


TEMPERATURE- 
SENSITIVE BULB 


BRISTOL MODEL 293 
TEMPERATURE 
CONTROLLER 
FOR CONTROLLING 


THE TEMPERATURE OF 


A LIQUID INA TANK 
‘ « 


ARE THE VARIABLES 
THE MODEL 93 
CAN CONTROL 


Temperatures 
from — 125° to 1000 F. 


Pressures 
from full vacuum to 4000 psi. 


Liquid Level 


in open or closed vessels. 
Humidity 

from 0 to 100% R.H. 
Flow 


of steam, gas, air and liquids 
through pipes. 








RUN RON ERIS RIE TIA MRS I cA IE HNN TA! 


Model 93 is a small, compact, simple instrument 
having a precision measuring element and Bristol’s 
Free-Vane Control—the frictionless system which is 
the most accurate of all air-operated designs. You 


get an absolutely true visual indication of results. 


A new bulletin, No. A115, gives complete details. Write for a free copy to 113 Bristol Road, Waterbury 91, Conn. 








AUTOMATIC CONTROLLING AND RECORDING INSTRUMENTS 


THE BRISTOL COMPANY, Waterbury 91, Connecticut 


The Bristol Co. of Canada, Ltd. Bristol’s Instrument Co., Lid. 
x Toron’ , Ontario a ‘Eondon,,.N..W. 10, England 


nities 


# 
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NEW RECTIFIERS FOR SIMPLIFICATION 
OF CIRCUIT DESIGN PROBLEMS 





STANDARD MODELS OF 
COPROX RECTIFIERS 





! 


Coprox Model CX-IC2BI, a 
center tap, full wave rectifier 
Completely enclosed in Bake- 
lite. Low capacitance. Rec- 
tihes high frequency current 
Conservatively rated up to 
4.5 volts A.C 3.0 volts 
D.C., 500 microamperes D.C 
Other models and capacities 
to meet all needs 








Coprox CX-2E1HS5 (Not il- 
lustrated) Single half-wave 
rectifier rated up to 4.5 
volts A.C., 3.0 volts D C., 2.5 
milliamperes D.C, 


Coprox CX-2E4F2 (Not il- 
lustrated) Full wave rectifier 
rated up to 4.5 volts A.C., 
3.0 volts D.C., 5 milliamperes 
D.C 


A Br adiey 


available . 


Coprox Model CX-2E4-A9, 
ring-connected and mounted 
in tube base, detects phase 
differentials in A.C. currents 
and small D.C. potentials ap- 
plied to balanced A.C. cir- 


cuits. Maximum 4.5 volts 


continuous. Shown here in 
actual size. 





Coprox Model CX-4D4F23, 
a full wave rectifier with high 
conversion efficiency, for elec- 
tronic control work. Rated at 
5 volts A.C., 40 milliamperes 
D.C. continuous. Fully en- 
closed. Mounts on a single 
screw, 


Coprox CX-3E8C3 double 
bridge rectifier with cur- 
rent and temperature cur- 
rent characteristics 
balanced to better than 
1% over a range of 
—40°C to +70°C. Rated 
up to 4.5 volts A.C., 3 
volts D.C. 5 milliamperes 
D.C. Other models and 
capacities to meet all 
needs 





Coprox CX-2E2D4 (Above) 
Double half-wave rectifier 
rated up to 4.5 volts A.C., 
3.0 volts D.C., 2.5 milli- 
amperes D.C. 









Many variations are possible with " on 
the basic Coprox Rectifier models et th 
liing 





described at the left. Bradley’s 





application experience can help 





you, not only in the use of these 
units but also in the development 
and production of special recti- 
fiers for special jobs. Here are Li 1 


the special features of all Bradley 


Coprox Rectifiers: 


@ Gold coating of ‘‘pellets’’ to com- A.S 


bat aging. \ 
e@ Pre-soldered lead wires, or special k TOF 
terminals, to prevent overheat- Rev 
ing during assembly. t Ide 
@ High leakage, low forward resis- | : 
tance, for efficient operation. | Pai 
@ Waterproof lacquering or wax i 


potting, for perfect sealing. 
@ Highly adaptable mountings. 


e@ Ratings are very conservative. 


For samples and special data 
which will help you design more 
efficient circuits that will stand 
up longer than others, write 
Bradley. Ask any questions you 


have in mind. 


TOCELLS 


is 


€ 
the 


est 
o suse which 


can 


. 
w photocells nd 
for control ® 
5. These 
ufficient 
erate in- 





instru- 


an . 
ts j without am 


BRADLEY. 


LABORATORIES, INC. 


82 MEADOW ST., NEW HAVEN 10, CONN. 
























h JTOMATIC CONTROL 
Mm ENGINEERED DESIGN BY eeu = i) 
B QUIPMENT 


he Hammel-Dahl Type 3000 Series dia- 
ragm operated control valves are designed to 
































fect the most critical demands of industry in con- 








ls 
folling temperature, pressure, liquid level and 
S Bte of flow through the medium of auxiliary fo a Se | 
ip jpeumatic controllers. € ! : 
, aa Wied 
it SL ater 
im e j® 
e 3/16” Pressed Steel Diaphragm ila@:) iy 
, Cases . -_ | 
oF ria 
} High Tensile Steel Enclosed Spring ' 
Barrel 


t Bolted Packing Gland—-Standard 


t A.S.A. Standard Flanged Globe 
Valve Dimensions (Face to Face) 


l- 





iL k Top and Bottom Guiding 
“ Reversible Valve Action 


| Identical Stem Lengths for Either 
, Action 


Parabolic, Ratio, V-Port Inner 
, : Valves—Single or Double-Seated 


ont 
RTE AUR pe ate nem 
a) 





t Through Bolting In Flanged Con- 
structions 


SPECIALTIES ENGINEERED AND 
DESIGNED 





vailable in sizes 14" —2” screwed, 2” — 16” flanged. 


alve Bodies of bronze, cast iron or cast steel 
Body and trim alloys to meet all industrial 
pplications. 





Consult Hammel-Dahl engineers 
regarding your individual problem. 







HAMMEL-DAHL CO. 


43 RICHMOND STREET PROVIDENCE 3, R. I. 


CS ANGELES SAN FRANCISCO PORTLAND, OREGON 
WILMINGTON, DEL. 
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Above: Aluminum-alloy airplane parts after heat-treatment at Markel Electric 
Products Co., Buffalo, N. Y. Right: Pedal frame assemblies after heat-treat- 





ment and sand blasting. Center: Operator feeds pedal frames to box furnace, 

controlled by Duration Adjusting Type (D.A.T.) Controller at left. Bottom: 
Operator examines salt pot temperature record on the Micromax chart. ) c 
LA ti 
How’ D.A.T.' Helped Sol Be 
OW V.A.I. Mmeiped soive ber 2 
Colun 
This Heat-Treat Probl i 
/ mittee 

ae 

is Fleat-Ireat Froblem ices 
) burgh 
Problem: To equip the Markel Electric Products Co., Inc., for f ¥ to all 
heat-treating aluminum and steel airplane parts. = | tronic 


societ 


Equipment: One 60 kw, 466-amp, 208 volt “American” Fur- sentat 


nace Co. Salt Pot, and one 36 kw, 100-amp “American” Electric Pro 
Box Furnace were installed. Each of these units was equipped Unive 
with a new type of Micromax Controller—called the Dura- for M 
tion Adjusting Type—designed especially to improve the control the 1 
of electrically heated units. me 
Results: Markel was able to get production underway with mittec 
speed, and to meet the rigid specifications governing the quality was r 
of aluminum-alloy parts. ; the } 

; : . : a? é called 
How Micromax Helps: These Duration Adjusting Type prese1 
(D.A.T.) Micromax Controllers are considerably faster and AMEE 
more sensitive than any previous type—decause D.A.T. replaces ME! 
the mechanically-driven cam contactor with an instantaneously- ths] 
operating electric circuit. Its automatic input regulator finds th 
correct heating-up and holding rates e/ectrically. The amount of vi 
heat supplied is at all times strictly proportional to the amount Rich 
required ; temperature is held smoothly and accurately and can in 
be within any limits the user requires. . _ 
For further information, see Catalog N-O0A(2), free on re- Be 
quest. CANA 

*T. 





LEEDS & NORTHRUP COMPANY, 4955 STENTON AVE., PHILA, PA. 


m@;LEEDS & NORTHRUP “Se 2 ee a: 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - WHEAT-TREATING FURNACES *Hug 


Jrl Ad N-00A(6) ° 
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fA CONFERENCE of representa- 

i tives of eleven local measurement- 

yand-controi societies was held Decem- 

' ber 2, 1944, at the Men’s Faculty Club, 
Columbia University, New York City. 

— meeting had been called by a com- 
"mittee of the American Society for 

J Measurement and Control of Pitts- 
burgh; and invitations had been sent 
to all the known local instrument, elec- 

itronic and measurement-and-control 
societies, asking them to send repre- 
sentatives. 

Professor C. F. Kayan, of Columbia 
University and the New York Society 
for Measurement and Control, opened 
the meeting and extended a hearty 
welcome to those present. 

A. H. Shafer, Chairman of the Com- 
mittee of the Pittsburgh Society that 
was responsible for the meeting, stated 
the purpose of the conference and 
called the roll of the societies. Those 
present were: 

AMERICAN SOCIETY FOR MBEASURE- 
MENT AND CONTROL (Pittsburgh) 
*A. H. Shafer, The Foxboro Co.,; 

M. F. Behar, Instruments Publishing Co. ; 

Paul G. Exline, Gulf Research & De- 

velopment Co.; 

Richard Rimbach, Instruments Publish- 

ing Co. 

BALTIMORE INDUSTRIAL INSTRU- 

MENTATION SOCIETY 

*L. A. Bruns, Calvert Distilling Co. ; 

**J. F. Maienshein, Brown Instrument Co. 

CANADIAN SOCIETY FOR MEASURE- 

MENT AND CONTROL 





*T. C. Agnew, Minneapolis Regulator 
Co., Ltd. 
SHICAGO SOCIETY FOR MEASURE- 





MENT AND CONTROL 
*Earl C. Rieger, Int’l Harvester Co.; 
*“*Hugh E. Ferguson, People’s Gas Light 
& Coke Co, 





An Auspicious Start 


T IS fitting that the report of an intersociety conference 
should be printed on this page instead of on the Instru- 
nent Societies pages: it deserves prominent space. 

it might have been equally fitting to print this report on the 
Instrument Societies pages: because it has been “on” those 
pages that members of local societies have been “meeting” 


nent Societies Calendar in addition to giving space to an- 
nouncements (which he had been doing since 1939 when the 
first of these local societies was formed). 

Secretary Darnell reports the “business” and naturally 
refrains from editorializing. I shall follow his example be- 
cause I’m so enthusiastic about this federation movement 
that my undiluted praise might bore you. Fortunately, a 


THE MAGAZINE OF 


Measurement 


and Control 


Report of Meeting on Proposed Formation of 
National Organization of Instrument Men 


HARTFORD SOCIETY FOR MEASURE- 
MENT AND CONTROL 
*Stephen J. Zelle, Bridgeport Thermo- 

stat Co., Inc. 
INSTRUMENT SOCIETY OF 
INGTON (D. C.) 
*Richard C. Darnell; 
**A. H. Mears, U. S. Weather Bureau. 


INSTRUMENT SOCIETY OF WAYNE 
COUNTY (Wyandotte, Mich.) 
*R. A. Wright, Metrol Co. 


NEW YORK SOCIETY FOR MEASURE- 
MENT AND CONTROL 
*C. O. Fairchild, C. J. Tagliabue Mfg. Co. ; 
**C, F. Kayan, Columbia University ; 
Robert Farnham, N. Y. Office of Instru- 
ments Publishing Co. ; 
A. L. Hildenbrand, Esterline-Angus Co. 
Stuart Rogers, N. Y. Office of Instru- 
ments Publishing Co. ; 
PHILADELPHIA SOCIETY FOR 
INSTRUMENTATIONS 
J. E. Gambrill, Moore Products Co. ; 
George Hammer, Foxboro Co, ; 
M. H. White, Atlantic Refining Co. ; 
W. D. Young, Barrett Div. Allied Chem. 
& Dye Corp. 
ST. LOUIS SOCIETY FOR 
INSTRUMENTATION 
*H. B. Freeman, Economy Equipment Co. 
SOCIETY FOR MEASUREMENT AND 
CONTROL (NEW JERSEY) 
*Harry F. Moore, Standard Oil Develop- 
ment Co, ; 
**R, F. Roberts, Brown Instrument Co.; 


WASH- 


Sidney Baran, Radio Corporation of 
America ; 
Robert H. Gray, Standard Oil Develop- 
ment Co. ; 
H. S. Close, Titanium Div., National 
Lead Co. 


GUESTS 
Albert F. Sperry, Hubbard Engineering 
Co., Chicago, IIl. ; 
Ralph D. Webb, Carbide & Carbon Chem- 
ical Corp., South Charleston, W. Va. 





* Delegate ** Alternate 


Dr. C. O. Fairchild, President of the 
New York Society for Measurement 
and Control, was unanimously elected 


calm evaluation appears in the latest newsletter mailed to 
all members of the Philadelphia group by their 1944 Secre- 
tary, J. E. Gambrill, who states: 

“The advantages to the local membership to become af- 
filiated in a national group were listed as follows: (1) 
Prestige of being a member of a National Organization; 
(2) The educational phase which should ultimately result 
in the improvement of the economic status of each mem- 
every month since May 1942 when we printed the first Instru- ber; (8) The cost of membership, which could only be 
measured in the value of the membership to each individual; 
(4) The social aspects in being associated with others in- 
terested in the same field who would be met at meetings, 
conventions and exhibits.” 

I need only add the benefits of members in plants remote 
from the cities where local groups meet monthly.—MFB 


Chairman and R. C. Darnell (Wash- 
ington) was appointed Recording Sec- 
retary for the meeting. 

Richard Rimbach (Pittsburgh) upon 
the request of the Chair gave a brief 
history of the growth of the local ‘in- 
strument societies in this country. 


Representatives of the different so- 
cieties were then called upon to state 
their views as to the desirability and 
nature of a national society devoted 
to the field of measurement and con- 
trol. Although the opinions expressed 
varied as to the detailed nature and 
scope of a national society, the senti- 
ment in favor of proceeding with its 
organization was unanimous. 

A committee was elected to prepare 
a draft of a constitution of the pro- 
posed society for submission at the 
next general conference of delegates. 
The committee is composed of H. F. 
Moore (New Jersey), M. H. White 
(Philadelphia) and R. C. Darnell 
(Washington), chairman. The commit- 
tee chairman appointed C. O. Fairchild 
(New York), Richard Rimbach (Pitts- 
burgh) and W. A. Wildhack (Wash- 
ington) as advisory members of the 
Constitution Committee. 

Chicago was decided on as the place 
of the next meeting. The date decided 
on is February 17, 1945. Earl C. Reig- 
er and Hugh E. Ferguson, both of 
Chicago, were elected Chairman and 
Vice-Chairman respectively of this 
Chicago meeting. R. C. Darnell was 
elected to continue as Recording Sec- 
retary. 

Inquiries regarding the Chicago 
meeting or other details of the pro- 
posed society should be addressed to 
the Chairman, Earl C. Rieger, 2626 
West 31st Blvd., Chicago, Illinois; or 
to the Recording Secretary, R. C. Dar- 
nell, Box 4730, Washington, D. C. 
—R. C. DARNELL, Recording Secretary 
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Fig. 1. Some of the components of Bell automatic flight-test instrumentation. 


Automatic Flight-research Instrumentation 
of the Single-seater Fighter 


By STEPHEN B. ELGGREN, Senior Flight Instrumentation Engineer, Bell Aircraft Corp., Buffalo, N. Y. 


INCE the much-needed production 
S of our newest type of aircraft de- 

mands an early and complete pre- 
view of performance, it is mandatory 
that complete and automatic instrumen- 
tation be installed in all such aircraft 
so that the maximum amount of data 
on the operation of the engines, con- 
trols, and aircraft performance may be 
secured with a minimum of prototype 
flight testing. When the near impossi- 
bility of maintaining constant flight- 
operating conditions over any sustained 
test period and the vital importance of 
the time element during flight testing 
are compared with the great amount of 
valuable data sometimes wasted yet 
capable of being obtained during each 
hour of flight testing, the necessity for 
securing these data with a minimum of 
flight testing is seen in its true light. It 
is toward this goal of complete, accu- 
rate, and automatic flight instrumenta- 
tion that the industry is striving, and 
the Bell Aircraft Corporation develop- 
ments in flight instrumentation have 
been accomplished with this view in 
mind. 


The requirements of flight instru- 
mentation vary widely according to 
proposed uses, but the greatest re- 
strictive requirements are _ probably 
embodied in complete flight research 


Presented at the Radio and Instrument 


Session, Twelfth Annual Meeting, Institute 
of the Aeronautical Sciences. Copyright 
1944 by the Institute of the Aeronautical 


Sciences, Inc. 





programs of small high-performance 
aircraft. Suitable instrumentation for 
such tests must be small, light, com- 
pact, versatile, and easily installed. It 
must have stable performance through- 
out wide variations of temperature, 
pressure, attitude, acceleration and 
voltage supply; and must also be iso- 
lated against vibration. Because of the 
vast amount of data required during 
each flight, this type of instrumentation 
must be completely automatic and cap- 
able of recording by one or more methods 
—such as photography, printing or 
stylus recording, electrical transcrip- 
tion, ete.—so that detailed analyses of 
the data may later be made. 

In large aircraft installations the in- 
strumentation requirements of small- 
ness, lightness, and compactness are 
somewhat relaxed. However, the neces- 
sity for securing flight-test data from 
many and varied sources in the air- 
plane rapidly enough to present a com- 
plete and true survey of the phenom- 
ena being measured clearly obviates the 
continued use of flight personnel for 
data-recording operations. Since large 
flight crews are undesirable and con- 
tinuously-recorded data are often re- 
quired under unfavorable human con- 
ditions, the optimum combination is to 
have a bare minimum of flight person- 
nel observe the operations and results 
of completely automatic instrumenta- 
tion rather than record personally the 
data from manually-operated devices. 





Fig. 2. 
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Single-impulse intervalometer and control. 


eed tse 





Paar 


Bell Automatic Instrumentation, 


In order to secure flight-test data % 
that will lend themselves most readily } 
to complete and true analysis, the in- } 
strumentation must be capable of re-| 
ceiving, transducing, indicating, and, | 
finally, recording many physical stimuli | 
at closely-controlled and correlated | 
time intervals. Also, since automatic | 
operation is immediately dictated by the | 
nature of the tests, devices are neces: | 
sary which will reliably control and | 
actuate all component parts of any in- | 
strument installation at specified time | 
intervals. Development of the Bell auto- 
matic flight instrumentation system is 
the result of such a need, and many of | 
these instrumentation systems have } 
been used successfully during the past | 
year of flight testing (Fig. 1). 


This system provides complete and | 


continuous photorecorder surveys of 
multiple pressures, temperatures, posi- 
tions, forces, stresses, attitudes, ac- | 
celerations, speeds, etc. Its operation is 
automatic and is remotely controlled 
from the pilot’s cabin. Since versatility 
and standardization of instrument in- 
stallation and operation are prime re- 
quirements, these features have been 
incorporated into the design of the 
equipment mentioned above. 


Basically, it consists of electrically- 
actuated pressure and temperature 
switch advance instruments and their 
appropriate indicators, an _ electronic 
intervalometer to govern the intervals 
of automatic instrument actuation, | 
electrified cameras to record photo- 
graphically the flight-test data, count- 
ers and identification light units for 
proper correlation of time, and also of 
the particular survey points being re- 
corded, and a complete set of remote 
controls for versatile application to 
flight research sequence and operations. 





Electronic Intervalometer 


The intervalometer is an electronic 
device designed to operate automatic 
flight instrumentation (Fig. 2). Its 
principles of operation are those of gas- 
filled electronic tubes, together with the 
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Fig. 4. Banking-type electrical selector switch. 


time-delay characteristics of a resistor 
and capacitor connected in series in 
this thyratron circuit. Essentially, a 
gas-filled tetrode is caused to conduct, 
and the resulting flow of plate current 
within the tube is used to energize a 
sensitive time-delay relay. This delay 
period is approximately 0.2 sec. When 
its contacts close, power is supplied to 
a second relay, which in turn performs 
the switching functions necessary for 
the automatic flight instrumentation 
system. When the power relay is ener- 
gized, the external circuits receive an 
impulse, the time-delay circuit capaci- 
tor is charged, and the plate circuit of 
the gas tube is broken, causing an inter- 
ruption in its plate current. The time- 
delay relay and the power relay are 
thereby permitted to open. This pro- 
cedure places the voltage of the time- 
delay circuit on the grid of the tube 
(i.e., the negative side to the grid), 
opens the contacts of the external cir- 
cuit, and replaces the plate voltage on 
the tube: The negative potential on the 
grid is allowed to leak off slowly at a 
rate determined by the delay resistor in 
the remote-control head (Fig. 3). This 
leak continues until a critical value of 
negative grid voltage is reached, at 
which point the gas-filled tube again 
conducts current and the cycle is re- 





Fig. 5. 


Air-scoop pressure distribution survey. 





Fig. 6. 


peated. The remote control allows inter- 
val selection at will by the pilot of 14-, 
1-, 3-, 5-, and 15-sec. duration. Since 
this instrument operates directly from 
the low-voltage aircraft power source, 
it does not include rotating or vibrator- 
type power supplies normally required 
in electronic flight equipment. This 
type of intervalometer is relatively in- 
sensitive to variations of voltage, tem- 
perature, pressure, acceleration, etc., 
and has exhibited reliable and accurate 
performances throughout the past year 
of flight testing. 


Automatic Pressure and Electrical 
Advancing Switches 


The automatic presstre and electrical 
switch advance instruments are capable 
of 48-point surveys, and the interval 
between each survey point may be 
determined by the intervalometer re- 
mote controls 
Some special flight tests do not require 
a full complement of 48 pressure or 
temperature points in the desired sur- 
veys. Consequently, “banking” features 
allow only portions of the points to be- 


(Figs. 4, 5, 6 and 7). 


Carburetor intake pressure survey. 





operated 


Fig. 7. Banking-type electrically 
air switch. 


come “active”; the remaining ones are 
“passed” in such rapid succession that 
no indication is registered on the indi- 
cating instruments connected to the 
electrically - operated switch advance 
units. Therefore, valuable flight and 
instrumentation time is not wasted 
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Fig. 8. Controls for Bell automatic flight 
instrumentation. 





Identification light unit 





dual 


Fig. 10. mounting 


counter, 


Flush panel type 
when fewer than the maximum number 
of data points are required. 


Often flight-testing programs require 
me complete survey of all pertinent 
data at many different stabilized con- 
ditions of flight, such as altitude, speed, 
climb, attitude, acceleration, and power. 
Accordingly, these survey switches are 
capable of automatically advancing 
through one complete cycle of required 
data points and then stopping on a 
“home position.” The next cycle of sur- 
vey poirits is started by a push button 
on the remote control in the pilot’s 
panel when he has attained the next 
stabilized flight condition specified. The 
use of these selector switches allows 
complete coverage of pressure and elec- 
trical surveys characteristic of flight 
testing if the flight stimuli under ob- 
servation not changing rapidly 
enough to introduce error into the sur- 
vey data because of the short-time in- 
tervals selector switch 
tions and the inherent dynamic limi- 
tations of the indicating instruments 
used. 


are 


between posi- 


being 
Remote-control Flight Instrumentation 

Since space available for experimen- 
tal instrumentation in the cabin of the 
Bell P-39, P-63, and other single-seater 
fighter airplanes is at a premium, it is 
-~Vol. 18 
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imperative that flight-test data be 


‘recorded by automatic instrumentation 


somewhere in the airplane other than 
on the pilot’s instrument panel and that 
only the minimum amount of flight- 
instrumentation remote controls be 
placed in the airplane cabin. Remote 
control units, as described above, allow 
complete control and operation of this 
automatic instrumentation (Fig. 8). It 
is only necessary to place the appro- 
priate controls in a position accessible 
to the pilot and he is thereby capable of 
control'ing the manner in which the re- 
quired flight-test data are secured. The 
manner in which data are recorded 
from the remote-control unit may be 
either continuous or impulsed in opera- 
tion, as determined by the nature of the 
flight testing being conducted. When op- 
under impulsed conditions, the 
instrumentation may be actuated stead- 
ily by regulated interval impulses or 
it may be cyclic, as noted in the de- 
scription of the air or electrical switch 
advance units. 


erated 


Automatic instrumentation permits 
the pilot to devote his entire attention 
and activities to his actual test flying, 
a full-sized job in itself. Such instru- 
mentation thereby relieves him of all 
the encumbrances that previously re- 
quired him to operate the flight equip- 
ment and to record manually the 
rapidly-fluctuating flight data from his 
own instrument panel. Data secured by 
the pilot alone are, in general, inade- 
quate when considered in the light of 
the great amount of flight-test data 
available by automatic instrumentation, 
the actual cost and importance of flight- 
test operations, and the relatively smal] 
percentage cost required for complete 
instrumentation of all flight-research 
programs. 

Correlation of Photorecorder Data 

Proper identification of survey flight 
test data being indicated in the photo 
recorder is important if such informa- 
tion is to be used for analysis. To pro- 


vide this positive identification and 
correlation with time, electric circuits 
have been designed in the switch ad- 
vance instruments and appropriate 


electrical signals are sent through 
cables to identification light units, which 
are placed next to the switch advance 
indicating instruments in the photo- 


recorder (Fig. 9). 


By supplying current to various 
combinations of the dial lights of the 
light unit, a maximum 
number of 63 separate data points can 
be identified. For further correlation 
of flight data,* electrically actuated 
counters are incorporated into the de- 
sign of the intervalometer remote-con- 
trol unit and similar dual counters are 
placed in the photorecorder (Fig. 10). 
These counters are not cyclic in opera- 
tion, as are the identification light units 
described above, but are actuated by 
separate impulses from the _ inter- 
valometer and total each impulse con- 
secutively. 


identification 


Automatic Flight Photography 


The most suitable camera equipment 
available on the market has never met 
the full requirements of flight-test 
cameras. Accordingly, we have found it 
necessary to design and construct elec- 
trically-actuated mechanisms’ within 
commercial-type cameras to incorpo- 
rate additional features of remote con- 
trol, continuous rewind, and either 
single-frame or continuous operation as 
determined by the camera remote con- 
trol in the pilot’s instrument panel 
(Figs. 11 and 12). These camera modi- 
fications allow pictures of the photo- 
recorder instruments to be conveniently 
made at intervals ranging from 64 
frames per sec. to 1 frame every 60 
sec., as dictated by the nature of the 
fight-test data desired. Photorecorder 
installations require wide-angle lenses 
because of the limited space normally 
available in modern single-seater fight- 
ers and the necessity for maintaining 
the maximum and most readable in- 
strument data Standard 
mounts have been designed for wide- 
angle lenses of various types so that 
they may be used on any camera (Fig. 
is) 


possible. 


Because of the extensive work in- 


volved in reducing a series of flight-test 
data to a suitable form to allow final 
comparison, 


analytic any excessive 





Fig. 11. Electrically-actuated Filmo 16-mm. 
camera altered to allow either single-frame 
or continuous operation, 





Fig. 12. Electrically-actuated Eyemo 35-mm. 
camera altered to allow single-frame and con- 
tinuous operation. 
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time delay in film handling and de- 
eloping is an appreciable expense and, 
ecordingly, must be held to an irre- 
lucible minimum. By standardizing 
ur procedures we are able to have 
shhotorecorder film developed and ready 
for use 45 min. after the test airplane 
as landed. 


Power and Control Junction Box 


The power and control junction box is 
primarily a piece of equipment designed 
to supply, in a convenient manner, both 
power and control to all of the auto- 
matic instrumentation components, such 
as air switches, electric switches, cam- 
eras, intervalometer, etc., and their 
remote control units (Figs. 1 and 14). 
This feature allows standardized cables 
to be used for all probable combinations 
of flight-test instrumentation programs 
and required sequences of operation. 


Airplane Control Force Instrumentation 

Electromagnetic strain gages form 
the basis of our airplane control force 
instrumentation, and the power sup- 
plies, oscillators, amplifiers, and indi- 
ecators were designed around these 
transducing gages (Fig. 15). In brief, a 
small deflection in the control stick or 
rudder tube changes the impedance of 
the accurately-wound and -positioned 
armature coils within the special elec- 
tromagnetic strain gages, and this im- 
pedance change is then amplified to a 
workable value. The output of the 
gages is fed directly to the grids of a 
twin triode tube which form the two 
variable arms of a balanced bridge. 
The indicating instruments are in this 
bridge circuit. In effect, the 1,000-cycle 
carrier signal is modulated by minute 





Fig. 15. Electromagnetic strain-gage-type 
elevator and aileron control-force transmitter. 


deflections of the electromagnetic strain 
gages, and the indicating circuit senses 
both magnitude and direction of the 
applied control force. The range of 
forces measurable by this instrumenta- 
tion is practically unlimited since the 
gages can conveniently indicate deflec- 
tions as small as 0.0001” and the actual 
deflection is a function of the physical 
characteristics of the members being 
strained (Figs. 16-22). 


Redesigned Electrical Instruments 


In order to secure control-force meas- 
urements in their most useful form, it 
is necessary to have indicating instru- 





Fig. 13. P-39 aft cabin-type photorecorder installation 








Fig. 16. Close-up of control-stock-force transmitter, showing details of coils, laminations, and supports. 
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ments of high sensitivity and fast ac- 
tion. Moreover, the indications must be 
suitable for photorecorder installations. 
Deflection-type electrical instruments 
capable of indicating variations of sig- 
nal strength five to seven times per 
second and of sufficient scale length to 
allow satisfactory sensitivity are not 
available on the market; therefore it 
was necessary to redesign and alter 
instruments obtainable from normal 
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sources of supply. The redesigning of 
these instruments consisted of casting 
and machining new-type Alnico mag- 
nets to provide much stronger mag- 
netic fields, of rewinding the armature 
coils with considerably more turns of 
0.001”-diameter fine wire, and of re- 





J 


placing the pivot hair springs with 
much stronger units. New dials were 
constructed with an overall range of 
100 lbs., and with this scale it was pos- 
sible to indicate force measurements 
with a sensitivity as great as 1 lb. in 
100 lbs. The sensitivity, accuracy and 
dynamic properties of these instru- 
ments, as altered, proved to be well 
within the requirements of airplane 

ansinitter control force indicating instruments. 
Many sets of this control force instru- 
mentation have been constructed and 
used during experimental flight testing 
with successful results. 


Electronic Carrie r-bridg« Flight 
Instrumentation 


A relatively simple method of gener- 
ating electrical intelligence as a func- 
tion of any specified physical stimulus 
under observation has been developed 
in the Electronics Laboratory. In addi- 
tion to producing dynamic or static in- 
dications and being comparatively small 
in physical size, its output is unaffected 
by wide variations of carrier-wave fre- 
quency, amplitude, and wave-form. The 
intelligence-generating component of 
this flight instrumentation is a _ bal- 
anced carrier bridge whose arms are de- 
signed to be sensitive to changes of any 
desired physical stimulus under obser- 
vation. The sensitive bridge pickup 
arms may be based upon changes of re- 
sistance, capacitance, or inductance— 
whichever parameter lends itself best 
to registering the required stimuli. The 
system can be arranged to supply indi- 


1-gage-type rudder-force transmitters 


Fig. 20. Top inside view of Bell four- 
channel oscillator-amplifier airplane control 
Fig. 19. Electromagnetic strain-gage-type rudder-force transmitters force instrumentation 
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Mmag- Fig. 21. Bell four-channel oscillator-ampli- 
Mmag- | er airplane control force instrumentation. 
ccna tion through deflection-type instru- 
a we. nts, tape recorders, oscillographs, or 
with thode-ray tubes, as dictated by the 
adi iture of the flight research program. 
ee. of The output of the unbalanced bridge 
8 pos- an audio-frequency carrier whose 
eine iplitude is a function of bridge un- 
“_ lance and input carrier amplitude. 
* ond lis output is amplified and fed to a 
alan, mpensated copper-oxide rectifier cir- 
well iit producing direct current for indi- 
plane tion. Variations in carrier amplitude 
aenhe. hich are normally reflected in the in- 
wtru- icator as erroneous readings are ato ee gs oe negravongert ge eee showing elevator stick force, elevator position, and gyro 
aati atically compensated for by ite. SS ew ie ee 
oting ortion of the original carrier voltage ' 
) a diode rectifier. The resulting direct 
urrent is applied as a negative control 
bt } potential in the amplifier. Thus, the 
ignal available for indication is inde- 
endent of carrier-amplitude  varia- 
ener- tions. Opposite direction or force dis- 
func- } ‘rimination is recognized by the instru- 
lulus nentation and is based on the fact that 
loped } the output of the a-c. bridge undergoes 
addi- . phase reversal of 180° as the balance 
c in- asses through zero. A phase-conscious 
mall | discriminator is therefore incorporated 
scted 1 the copper-oxide rectifier so that the 
fre- olarity of the d-c. output reverses 
The vhen the phase is reversed. Since the 
of two voltages from the amplifier and 
bal- | oscillator originate from a common 
e de- source, the electrical addition or sub- 
any traction of the vector components as Fig. 23. Brown temperature recorder system. 
yser- determined by their phase relationship 
‘kup in the discriminator circuit is indepen- 
 re- dent of carrier frequency and wave- 
ce— form. 
best As noted before, variations of carrier 
The frequency, amplitude, and wave-form 
ndi- do not produce erroneous indications, 
and therefore a small rotary d-c. in- 
verter is used as the power and oscil- 
lator source. Multiple channels of this 
type of instrumentation for specified 
flight testing portend substantial sav- 
ings in space and installation time. 
futomatic Temperature Recording 
An automatic Brown pyro-potentiom- 
eter (Fig. 23) has been used in flight 
testing for the past year. As a result 
of this testing, alterations were found 
necessary in order to render the instru- 
ment suitable for reliable operation in 
small high-performance, pursuit air- 
craft. Briefly, these changes provided 
for remote control and indexing for 
r- flight-test data correlation; appropriate 
ol circuit changes to allow resistance-type Fig. 24. Typical P-39 automatic temperature survey instrumentation. 
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25. Remote control for auto- 


temperature recorder. 


Fig. 
matic 
strain-gage measurements for position, 
altitude, air-speed, and force indica- 
tions; and extensive revisions in the 
thermocouple lead switch boxes to elim- 
inate error-producing thermoelectric ef- 
fects in the dissimilar metal terminals 
due to the temperature differentials at 
these points caused by the rapid ambi- 
ent temperature changes experienced 
by high-performance pursuit aircraft 
as they are flown through their rigor- 
ous flight tests. (See Figs. 24 and 25.) 
When airplane space available for in- 
strumentation does not permit or when 
flight testing does not require tempera- 
ture surveys as extensive as that pos- 
sible with a Brown recorder installa- 
tion, the electrical advancing switches 
described previously are used in com- 
bination with other Bell automatic in- 
strumentation at a proportionate sav- 
ing in installation time. 


Flight Instrumentation Requirements 


The designer of flight-research in- 
strumentation is confronted with per- 
haps the greatest combination of 
error- producing variables ever pre- 
sented as an instrumentation problem. 
A few of the most important variables 
to which flight instrumentation must 
necessarily be made insensitive are as 
follows: 

(A) Temperature—F light instru- 
mentation must exhibit true compen- 
sation and complete accuracy of all 
indications throughout a temperature 
range of +75° to —65°C. 

(B) Pressure and Density — Satis- 
factory operation and indication must 
be maintained throughout a pressure 
range of 2 to 15 lbs./in.2. 

(C) Vikration —Instrument compo- 
nents must exhibit reliable operation 
and indication even though subjected 
to vibrations of high intensity and 
large amplitude throughout the wide 
frequency spectrum characteristic of 
combinations of reciprocating engines, 
gear boxes, propellers, and aircraft 
structures. The ratio of power de- 
veloped to engine-mounting weight for 
small aircraft far exceeds all other 
power installations, and the resulting 
vibration problem is aggravated pro- 
portionately. 

(D) Supply Voltage—Flight instru- 
mentation must be capable of produc- 
ing true indicstion of measured stimuli 
regardless of supply voltage variations 
of +15%. 


Page 8—Instrumenis—Vol. 18 


(E) Attitude and Acceleration—aAll 
instrumentation must be designed to 
be unaffected by rapid changes in atti- 
tudes and sustained or cyclic accelera- 
tion loads from —4g to +9g. 
Current Instrumentation Developments 

Major developmental programs of 
particular interest to Bell Aircraft 
Corporation and presently receiving 
the attention of its Flight Research 
Division include, among others, the 
following: (A) flight thrustmeter in- 
strumentation; (B) flight engine de- 
tonation instrumentation; (C) flight 
torquemeter instrumentation; (D) 
electronic frequency meter tachome- 
ters; (E) cathode-ray photorecording; 
and (F) continuous-line dynamic flight 
recorders. 

Conclusion 

As the field of flight instrumenta- 
tion increases in scope, intensity, and 
purpose, it becomes readily apparent 
that the instrumentation development 
engineer must know the fundamental 
theories and principles underlying the 
phenomena that he is attempting to 
explore. This knowledge must neces- 
sarily include aerodynamics, mechan- 
ics, dynamics, structural analysis, elec- 
tronics, etc. It also follows that the 
engineer who analyzes flight research 
data should know the fundamental 
principles and operations upon which 
the many types of flight instrumenta- 
tion “black boxes” are based so that 
he may understand the inherent limi- 
tations of all flight instrumentation 


and interpret the results accordin; |; 
The engineer who analyzes flight re. 
search data with such a basic knoy 
edge of flight instrumentation prin 
ciples is more likely to glean the max 
mum amount of useful information™ 
from any set of flight-test data, and ) 
is less likely to arrive at erronecy; 
conclusions because of wrong interp): 
tations of both normal and abnorms; 
instrumentation operations. Moreove: 
a fundamental understanding of. thi: 
nature also allows instrumentation 
be used to its fullest capabilities. 

Although flight instrumentation has 
advanced considerably with regard to} 
increasing the sensitivity and accurac} 
of flight-data measurements and_ it 
broadening the scope of flight testing 
and data recording, it is still an infant 
when compared with most other type 
of instrumentation. Intensive researc] 
and further development are therefor 
dictated for flight instrumentation, and’ 
appropriate paths of endeavor are: 

(1) Development of continuous-line 
recorders to secure the desired flight- 
test data by means of continuous lines 
on a roll of paper, which data are ready | 
for immediate observation and evalua- 
tion by the flight research engineer. 
This instrumentation may be designed 
to operate either in the aircraft during 
flight or at ground stations that are 
controlled by radio transmission of 
flight data from aircraft. The true 
economy of the expenditure of money | 
and developmental time for such time- | 
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saving instrumentation is plainly evi- 
jent when it is compared with present 
inefficient methods of film developing, 
reading and plotting in continuous-line 
form prior to any analysis whatsoever. 

(2) Development toward increased 
sensitivity, range, and accuracy within 
practical limits. 

(3) Development and simplification 
of dynamic-type instrumentation. The 
present systems of dynamic flight in- 
strumentation consist of mechanical 
stylus or torsion-wire galvanometer- 
type recording oscillographs and multi- 
ple cathode-ray tube photorecorders, 
and present users of this instrumenta- 
tion would welcome a developmental 
program devoted to its simplification. 

The field of aircraft dynamics is 
progressively encompassing a _ larger 
variety of design and flight research 
activities and, as a result, a consider- 
able amount of research work has been 
done in the development of suitable 
dynamic-type flight instrumentation. 
It is especially important to note that 
progress has been made in this field of 
research only as rapidly as appropriate 
flight instrumentation has been de- 
signed, developed, and flown to secure 
the dynamic flight-test data required. 
This situation is typical of the relation- 
ship of all research to instrumentation 
problems, and the aircraft industry in 
general will be well repaid if it estab- 
lishes and promotes organizations to de- 
sign and develop instrumentation to 
meet the many present and future 
needs in this field. Every advancement 
in the field of flight instrumentation 
opens vistas for research into new 
flight phenomena and is therefore a 
notable contribution to the aeronautical 
sciences. 

During any flight test program the 
effective “quantity of answers” is a di- 
rect function of the speed with which 
data can be secured for analysis. It is 
evident that even an unlimited supply 
of capable engineering manpower will 
not increase the number or speed of 
these answers that directly affect all 
engineering, production, and corporate 
finances if these flight research data 
are not forthcoming in sufficient quan- 
tity. Delays in production result in 
losses sustained by the manufacturer 
and may be evaluated on the basis of 
the profit normally earned per airplane 
times the number of planes affected by 
the delay. Facts indicate that with a 
production of 70 planes per month, val- 
ued at $750,000 each, a three months’ 
delay could result in a loss in excess of 
$1,000,000 to the manufacturer. Accord- 
ingly, instrumentation must be avail- 
able and properly used so that the de- 
sired answers may be obtained immedi- 
ately after the completion of a flight. 
Long-range preparation of instrumen- 
tation is therefore necessary so that ap- 
propriate data may be obtained quickly 
and accurately. 

We at Bell Aircraft Corporation 
have discovered extensive uses for our 


(Concluded on page 44) 


Testing Vibrating Contacts 


By CHAS. E. DIEHL, Elec. Eng’g Dept., Columbia Steel Co., Geneva, Utah 


IBRATING-CONTACT instru- 

ments that furnish automatic con- 
trol through variation of the ratio be- 
tween time open and time closed have 
many inherent ills but these need not 
cause headaches if the contacts are 
properly maintained. 

Rapidly-vibrating contacts affect an 
electric circuit as though they were re- 
placed by a resistance because the time 
ratio variation, summed up over a pe- 
riod of ten or fifty on-and-off cycles, is 
effectively a variation of resistance. 
This effective resistance can be meas- 
ured by means of an ammeter in series 
and a voltmeter shunting the moving 
contacts. By means of the average val- 
ues indicated and the use of Ohm’s Law 
the resistance can be shown. However, 
for servicing the contacts, a well- 
damped voltmeter of the proper range 
is all that is needed. 

Since the moving contacts furnish a 
variable resistance, anything that af- 
fects the actual or instantaneous con- 
tact resistance in any manner will 
cause the instrument to fail to function 
correctly. A change in the contact pres- 
sure will change the effective resist- 
ance, increased pressure acting as a re- 
sistance decrease, and vice versa. Pitted 


and misaligned or dirty contacts will 
increase resistance. 

The method of establishing proper 
operating conditions is to shunt the 
contacts with the proper voltmeter and 
observe the average voltages as indi- 
cated during proper operation of the 
instrument. Time ratios may be cal- 
culated by measuring full-open contact 
voltage. The percent of open time will 
then be equivalent to the percent of full 
voltage indicated by the voltmeter. 
Closed time is of course the difference 
between this value and 100%. 

Once having observed proper values, 
future contact troubles can be diag- 
nosed by making readings and observ- 
ing how these differ from the proper 
values. If the contacts are moving slow- 
ly or the instrument has a too-rapid 
response, the instrument cannot indi- 
cate an average by reason of continual 
swings. As the important thing is the 
ratio between time open and time closed, 
this ratio can be maintained through a 
large variation of speed of vibration of 
the contacts. Therefore, a speed of 
vibration fast enough to give a steady 
reading on a good instrument will be 
found to be much more effective in any 
kind of control work. 


Suppressed-zero Voltmeters 


Dy H. S. EDGERLY, 
Panel and Equipment Div., Philadelphia Works, General Electric Co. 


(i better accuracy be obtained over 
a particular range in voltmeter 
readings by zero suppression? The 
answer is no. As a matter of fact, it 
decreases the accuracy. 

Let us take, for example, a 150-volt 
voltmeter commonly used on a battery 
circuit. The opinion has been that more 
accurate readings could be obtained if 
the zero were suppressed and a full 
scale range of 100 to 150 volts used, 
thus increasing the distance between 
divisions. 

The voltmeter element has been de- 
signed to exert a definite torque over 
a given scale length or angular deflec- 
tion, 0 to 150-volts. Now, regardless of 
where the mechanical zero is set, the 
element still exerts the same torque for 
a specified applied voltage; therefore 
this becomes a constant factor. If the 
zero is suppressed so that the 100-volt 
point on the scale is located where the 
mechanical zero was previously located, 
then the torque available to move the 
needle from 100 to 150 volts is only 
50/150 or 4% that previously available 
to move it from 0 to 150 volts. 

The errors arise from the fact that 
the friction in both is the same 
and, therefore, the potential errors will 
be increased in proportion to the zero 
suppression. 


cases 


Apart from these increased errors, 
other factors make suppressed-zero in- 
struments undesirable: 

A so-called “spring drift” may occur 
in instrument springs. If such a condi- 
tion occurs it cannot be immediately 
determined, nor will it ever be dis- 
covered in a suppressed-zero instrument 
unless the instrument is given a cali- 
bration test. Hence, the readings may 
be in error for quite a length of time 
without being detected. With a me- 
chanical zero it will be noticed at once 
on deenergizing the instrument. 

There are several other conditions 
that could prevail to cause change in 
calibration that, like the above instance, 
could not be detected in a suppressed- 
zero instrument unless a periodic cali- 
bration is established routine 
affair. 

Good instrument practice, therefore, 
dictates the necessity of having a defi- 
nite zero in position on the scale. 


as a 


[ EprTor’s NoTE Our old subscribers, who 
know the distinction between “accuracy” 
and “‘sensitivity.”’ are certainly not the ones 
who express the “opinion” to which Mr 
icdgerly refers: he must have heard it from 
people who don't read Instruments t all 
and ho thin that the suppressed-zero 
prir ' r ALL THERMOMETERS 
(0°Abs. has never been attained) and in 

st f ] eters, etc., « n be itilized 
in deflection \v ter M. F. I } 
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ELECTRIC GAGING METHODS 


for Strain, Movement, 


By HOWARD C. ROBERTS, Research Staff, 


METHODS BASED ON VARIATIONS 

OF RESISTANCE. 

(Concluded) 
§7. SENSITIVITY. 

In general, the variable-resistance gaging systems are 
intrinsically less sensitive than either the variable-induct- 
ance or the variable-capacitance systems. A more precise 
statement is that the percentage change in gage impedance 
for equal movements is smaller with the variable-resistance 
gaging element than with either of the other two types. 
This characteristic requires either that indicating instru- 
ments of high current sensitivity be used, or that ampli- 
fying devices be used with indicators of lower sensitivity. 

There are two basic reasons for the lower intrinsic 
sensitivity of the variable-resistance gage. One is that it is 
not possible to confine the movements being measured to 
an air gap of small dimensions, and thus to cause the per- 
centage change (of the air-gap) to become large; the 
other is that it is not possible except in very special cir- 
cumstances to take advantage of particular electrical phe- 
nomena—the resonance effect with capacitative systems or 
the change in Q (ratio of impedance to resistance) in 
inductive systems. 

With moving-contact and with thermosensitive primary 
elements there is a considerable difference between max- 
imum gage sensitivity and usable gage sensitivity, because 
of the inevitable random errors occurring in the pick-up 
units. (These errors occur also with strain-sensitive ele- 
ments, but to a far smaller degree.) It is hardly practi- 
cable*, for example, to employ a moving-contact resistance 
element to measure movements to an accuracy of 0.0001”, 
because of mechanical irregularities of the moving contact 
and the resistance element, the effect of dust, etc. This 
is an instance in which constructional difficulties make 
the operating sensitivity far lower than the theoretical 
maximum sensitivity. 

No benefit is derived from employing a sensitivity so 
high that random effects confuse the data; the final accu- 
racy is not thus increased, although the difficulties of oper- 
ation are. The maximum usable sensitivity is dependent to 
this extent upon the short-time stability of the primary 
element. 

The sensitivity to be expected from a particular variable- 
resistance gaging element depends upon its form as well 
as upon the skill employed in its construction. Slidewire 
elements, for example (Figs. 64A, 64B, 79, 83, and 88A), 
may easily be made sensitive to movements of 0.01”; and 
without great difficulty to 0.001”. This presupposes the 
use of indicating instruments of high current sensitivity 
so that the moving contact need not carry appreciable cur- 
rent, and also that non-amalgamating resistance materials 
be used with mercury-contact forms of primary elements. 

At the other end of the scale, moving-contact devices 
employing tapped resistance elements, such as those of 
Figs. 64C, 64D, 65B, 85 and 86, seldom are expected to 
measure small displacements, although they can be so con- 
structed as to make such measurements possible. (The 
form of Fig. 65B, for example, can easily be made sensi- 
tive to movements of 0.005”.) These elements ordinarily 
are intended to measure relatively large movements under 
difficult operating conditions. They also have the advan- 
tage of not requiring an electrical calibration. By arrang- 
ing the contact array in a circular endless form, reduc- 
tion gears may sometimes be installed to increase the move- 
ment at the primary element, and thus the operating sens- 
itivity; if a servo-system is employed in conjunction with 


V. GAGING 


*Although with mercury-contact variable-resistance elements 


even higher sensitivity has been attained. 
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such an arrangement, both high accuracy and robustness 
are made available.*° 

Thermosensitive elements can be constructed to have 
extremely high intrinsic sensitivity, although this may be 
obtained only at the expense of shortening the range. One 
commercial Pirani-Hale vacuum gage is supplied calibrated 
over a range of 0 to 10 microns and is considered accurate 
to 0.1 micron, or about 0.00000394” of mercury.”°? Hot- 
wire instruments, such as the Heurtley magnifier, the 
Shakespear micrometer, or the Tucker hot-wire micro- 
phone can be made with comparable sensitivities. Since the 
sensitivity of such devices is closely related to mechanical 
design and construction, and specifically to the dimensions 
which govern the flow of heat within the unit, the intrinsic 
sensitivity of such units is directly related to the care used 
in their construction. 

The sensitivity of resistance thermometer elements and 
of electric hygrometers depends primarily upon the char- 
acteristics of the materials used in their construction. Cer- 
tain liquid (electrolytic) resistance materials have ex- 
tremely high temperature coefficients of resistivity, and 
consequently may be used to construct extremely sensitive 
elements. With many automatic-control systems employing 
resistance thermometers as primary elements, control to 
0.01° F. is possible. (This means that the primary-element 
sensitivity is even better—which is not astonishing when 
it is remembered that platinum resistance elements with 
an ultimate sensitivity of a millionth of a degree were 
made by nineteenth-century astronomers.) 

The sensitivity of strain-sensitive elements, too, depends 
upon the characteristics of the material of which they are 
made. While with any resistance material a change in re- 
sistance results from a change in the geometry of the 
unit, with most solid materials resistance changes also 
result from changes in stress intensity. (See Section 4.) 
In practice, the materials which have been most satis- 
factory afford a resistance change approximately twice as 
great as the change in dimension?®* (both figures in per- 
cent). Thus, the intrinsic sensitivity of such elements is 
rather low. Their high stability, however, largely counter- 
acts this as a disadvantage by making possible the use of 
indicating instruments of high current sensitivity. 

As with other types of electric gaging systems, the 
sensitivity of a resistance-type system depends partly upon 
the sensitivity of the indicating instrument. When ampli- 
fiers are used, the amplifier characteristics predominate 
over all others in determining the performance of the 
overall system. In non-amplified systems, the current (or 
potential) sensitivity of the indicating instrument is a 
factor of great importance, since a lack of sensitivity at 
that point in the system cannot be counteracted in any 
other manner. The physical requirements of the particular 
application usually determine the sort of indicating instru- 
ment which can be employed. Pointer-type instruments re- 
quiring only a few microamperes for full-scale deflection 
are now available. 

Selection of the most suitable electric circuit is essential 
if the highest sensitivity is required. Series circuits are 
not capable of sensitivity nearly so high as that of bridge 
circuits, because in the bridge circuit the large standing 
current is balanced out and, since only the variations in 
current appear at the indicating instrument its total scale 
range can be low—its sensitivity high. The very highest 
sensitivity, in a non-amplified circuit, is ordinarily obtained 


(208) P. P. Schilovsky. Slow Speed Precision Training Governed 
at a Distance. Journal of Scientific Instruments, (London), Vol. 2, 
1924, pages 23-25. 

(209) H. H. Zielinski. Measurement of High Vacuums, 
tronics, Vol. 17, July 1944, pages 112-115. 


Elec- 


meee 




















a sensitive potentiometer is employed to balance a 
idge-type circuit used in a null method. In general this 
rovides the highest accuracy as well. 

In electric gaging practice, it is not uncommon to em- 
oy Wheatstone bridge circuits with four nominally equal 
rms. When it is necessary to employ arms of widely dif- 
ering resistances, the greatest sensitivity is obtained 
hen the battery (or other source of exciting energy) and 
he indicating instrument are properly connected; the best 
rrangement is with the element having the greater resist- 

ince connected between the junction of the two arms hav- 
ng the greater resistance and the junction of the two arms 
\aving the lesser resistance. Interchanging the position of 
the source and the detector can make a considerable differ- 
ence in the circuit sensitivity. 

It is possible, of course, to make a gaging system so 
sensitive that the random variations occurring in the pri- 
mary element appear as indications comparable to the 
total range of the indicating instrument. Sensitivity so 
high as this is of little value; for ordinary use the great- 
est accuracy is obtained when the random errors produce 
deflections less than 5% of the instrument scale range. 


§8. STABILITY. 


Gaging systems operating with variable-resistance 
primary elements are troubled by instability in just the 
same manner as others; there are, however, more sources of 
instability which must be guarded against. 

Instability, of course, is the effect of random variations 
in the operating parameters of the electric circuit, and in 
the impedance of the primary element. (Discussion here will 
be limited to the instabilities of the primary elements.) In 
the foregoing sections, the effect of factors such as change 
of temperature and change of dimension has been described; 
in each instance because the factor being discussed was the 
operating parameter of the gaging element. But it must be 
remembered that often two or more of these factors are 
present simultaneously, and that while one is the operating 
parameter, the other is a source of instability and error. 

For example, in the simple moving-contact element em- 
ploying a slide-wire (Fig. 64D) the resistance between the 
moving contact and-either end of the slide-wire depends 
upon both the position of the contact and the resistance per 
unit length of the wire. Change in temperature will affect 
the resistivity of the wire, and will also change its length— 
and, if the material of which the unit is constructed is not 
carefully selected, the actual position of the moving contact 
can even be changed because of the differential expansion 
of the different parts of the pick-up. Any of these changes 
can be a source of instability and of error. 

If a suitable electric circuit is selected the largest of 
these—the change in resistance of the slide-wire—can be 
entirely eliminated. If an electric circuit employing the 
potentiometer principle (as in Fig. 80) is employed, the 
measurement becomes one of the ratio of the resistances of 
the two portions of the slide-wire, and the actual resistance 
values are of little consequence. A resistance-ratio element 
may well be used in a bridge circuit and, if the ratio of the 
resistances is never far from unity, it should be so used. 
Errors from temperature changes in the primary element 
are also eliminated by the bridge circuit. Errors from ex- 
pansion of the various parts of the instrument can be mini- 
mized by careful selection and proportioning of materials. 

Error and instability are often caused also by variation 
in resistance of the contact between slide-wire and movable 
contactor. Through the use of an indicating instrument 
drawing little or no current (a high-resistance voltmeter 
or a potentiometer) this source of error may be eliminated. 

With carbon-pile and similar devices, another source of 
trouble appears: these pick-ups often carry currents heavy 
enough to cause self-heating of the elements. Such self- 
heating is usually a short-time phenomenon, and may be 
highly localized. There is little that can be done to counter- 
act such effects; they must simply be avoided either by 
keeping the operating current low, or by using another type 
of resistance element. In any element which depends for its 
variation in resistance upon either variable-area or variable- 





pressure effects between parts, instability may be expected. 

Primary elements of the tapped-resistor form are inher- 
ently quite stable; since their indications depend upon the 
mechanical spacing of the contacts the only effect of tem- 
perature change is to cause a small change in dimension. 
This change is usually small enough to be neglected, or it 
can be corrected by a calibration factor. Changes in re- 
sistance value do not introduce error in these elements. 

Thermosensitive elements are perhaps more subject to 
extraneous phenomena than any others. Since their re- 
sistance is a function of their temperature, any factor which 
changes the temperature of an element can (and will) 
change its resistance as well. If it is desired to measure 
temperature changes, this is an excellent characteristic, 
but for other measurements it becomes a source of error, 

The filamentary resistance elements employed in most 
thermosensitive units are subject to mechanical disturb- 
ances, too. Vibration can cause cooling, because of the in- 
creased circulation of gas around the filament. Vibration in 
a magnetic field will induce currents within the filament, 
which can disturb the electric circuit. At pressures near 
atmospheric, and with the fine filaments employed in most 
such units, neither of these effects gives much trouble. More 
fundamental] difficulties require closer attention than these, 

Considering gaging elements of the form shown in Fig. 
69, it is apparent that the resistance of the thermo-sensitive 
filaments will be affected by several factors—the gas pres- 
sure, the current flowing, the thermal conductance of the 
gas (its composition), the length of the conduction path, 
and the ambient temperature—all the factors which affect 
the temperature of the filament. It is not difficult to main- 
tain the current and the gas pressure constant, while the 
length of the thermal conduction path depends upon the 
geometry of the unit; the device can then detect differences 
in the composition of the gas in the two bulbs. (Or, if the 
gas is flowing through one bulb, its velocity.) Difference in 
pressure may be measured by allowing the same gas to flow 
into the two bulbs, with the pressure in one kept constant. 
The ambient temperature, however, cannot always be con- 
trolled. It is customary for this reason to operate the fila- 
ments at temperatures from 200°C. to 1000°C. above the 
ambient level, so that changes of a few degrees in the am- 
bient temperature will produce only minor changes in the 
flow of heat from the filaments to the atmosphere, other 
things being equal. 

In the hot-wire seismometer and the hot-wire microphone 
the measurement is one of velocity: it is desired that the 
rate of heat flow from the heated filament be proportional] 
to some function of the velocity of the gas within which it 
is placed. It therefore is necessary to shield these units from 
stray breezes, but not from the acoustic waves being meas- 

In the thermosensitive devices used for measurements of 
ured. The converse is true of the hot-wire anemometer. 

In some of the flowmeters employing thermosensitive 
units attempts have been made to reduce errors from am- 
bient temperature changes by special means. One of the 
most effective employs two platinum grids, both in the path 
of the gas flow, both heated by electric current. Both are 
cooled by the flow of gas, but the “upstream” one more 
than the “downstream” one, since some heat is imparted to 
the flowing gas by each of the grids.*?° 
mechanical movements, the rate of heat transfer from one 
element to another (or to the atmosphere) depends upon the 
mechanical spacing of the elements, Since there is an inevi- 
table loss of heat vrom every heated surface to the atmos- 
phere, it is necessary to incorporate an entire bridge circuit 
in the gaging head, if errors are to be kept to the minimum, 

The greatest danger of error from instability occurs with 
strain-sensitive or pressure-sensitive resistance elements, 
because of their low intrinsic sensitivity. Since it is quite 
possible for a change in temperature to cause a change in 
the resistance of an element, comparable to that caused by 
the unknown magnitude, temperature compensation is essen- 
< (Continued on page 38) 


(210) Marcel Golay. Differential Hot-Wire Gaseous Flow Meter, 
Review of Scientific Instruments, Vol. 9, 1938, pages 55-57. 
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ELECTRON TUBES —Their Principles and 


Their Instrumentation Applications 


By ANDREW W. KRAMER, Managing Editor, Power Plant Engineering, Chicago, Ill. 


LIGHT-BEAM LINKAGES 

(Continued) 

The “Hole-in-meter” Principle 

This method is based upon the simple expedient of bor- 
ing a small hole in a veltmeter or any other indicating in- 
strument at a point in the scale where some control func- 
tion is to come into play and then mounting a phototube 
behind the hole so that the pointer will intercept a beam 
of light passing through the hole into the phototube. 

As has already been pointed out, most contro] functions 
are really extensions of the field of measurement. Any 
measuring instrument such as a voltmeter or ammeter or 
thermometer can act as a controller if it can be made to 
exert sufficient torque to move the mechanism. For ex- 
ample, if the voltmeter connected to the d-c. circuit in Fig. 
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Fig. 232. Showing how a voltmeter might be used as a voltage 
regulator if it could exert sufficient torque to operate the mechan- 
ical system shown. 


232 could exert sufficient torque to operate the field rheo- 
stat of the small generator through the linkage system 
shown, it would serve as a voltage regulator as well as a 
voltmeter. If the voltage of the circuit tends to increase, 
more resistance will be cut into the shunt field circuit and 
the terminal voltage of the generator will drop. 

Where voltage changes are large such a system could be 
made to work, but of course a standard voltmeter would not 
be used, as such devices are far too delicate to move any 
linkage system however delicately constructed. Sometimes 
measuring instruments are provided with very light con- 
tacts which are closed or opened by the movement of the 
pointer,-but beyond that the use of measuring instruments 
for control-purposes is usually not feasible. 

This, however, is where the almost inconceivable delicacy 
of phototube and photocell control comes into play, for, as 
pointed out in a preceding article, the photoelectric prin- 
ciple permits the use of an imponderable beam of light as 
a connecting link—not only as a connecting link but as an 
frictionless operating link. By drilling a hole 
in of an indicating instrument any pointer, how- 
ever delicately designed or balanced, can be made to inter 
cept a beam of light entering a phototube or photocell. 
Through suitable vacuum-tube amplifiers the photocell can 

turn be made to actuate controlling elements which 


inertialess, 
the scale 


will bring the indicating-instrument pointer back to its 
normal position, and thus, at the same time, restore the 
normal state of the circuit. 

An application of this scheme has been made in the 
mtrol of a 250-volt d-c. generator. The general idea of 
this control is shown in Fig. 233. As will be noted, the 


edance of the final amplifier tube takes the place 


nlate im 


of the usual field rheostat. This impedance is a function 


Page 12—Instruments—Vol. 18 


of the grid bias of the tube and this in turn is controlled 
by the phototube. The latter is mounted behind the hole in 
the voltmeter so that when the voltmeter needle uncovers 
the aperture the full illumination falls on the phototube. 
As the system is arranged, this will cause maximum bias 
to be applied to the amplifier tube in the generator field 


circuit and under these conditions the resistance of thé 
PHOTO awe rer 
EEE, a 
| 
sad oe 























O° Gimemator 


Fig. 233. Basic idea involved in the control of a 250-volte d-e. 
generator by means of the ‘‘hole-in-meter’’ principle. In this case 
the tinal amplifier tube serves as the field rheostat. 


generator field circuit will also be at a maximum. The ter- 
minal thus will be reduced to its lowest value. On the other 
hand, when the aperture is covered by the pointer the re- 
verse condition will prevail; the grid bias and the plate re- 
sistance of the amplifier tube will be at a minimum and 
the generator voltage will be at its highest value. The 
change in voltage permitted will vary between the values 
represented by the width of the aperture in the voltmeter 
dial. If the width of the slit represents the distance the 
pointer moves for a change of 1 volt, the output of the 
generator will vary +0.5 volt of the specified value. 


Photoelectric Frequency Regulator 
A system radically different from this “hole-in-meter” 


-principle but likewise embodying a photoelectric link (this 


time a “lever’) has been utitized in a photoelectric fre- 
quency regulator developed by Westinghouse. In this case 
a frequency meter is the heart of the device, but instead 
of using the pointer to intercept a beam of light, a small 
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principle of the photoelectric 


Westinghouse. 


Diagram showing the 


regulator de veloped by 


pointer, as shown 
system and two 


mirror is mounted on the end of the 
optical 


in Fig. 234. By means of a simple 
re] 


sources of light, this mirror reflects light into either of 
two photocell tubes. When the frequency of the circuit 
to which the instrument is connected is low, the mirror 
turns and reflects a beam of light into one phototube; if 
the frequency is high, the light is reflected into another 
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hototube. In either case the phototube involved will close a 

lay which will apply proper corrective action to the gover- 
nor of the prime mover driving the generator. Normally, 
hen the frequency is at the correct value the reflected light 
rom the pointer mirror is intercepted by the fixed mirror 
1ounted immediately below the instrument. Other refine- 
nents consist of a slotted rotating disk driven by a small 
motor to prevent hunting. The speed of this disk is such 
hat the slot lets light through every two seconds. Thus, 
the phototubes are permitted to apply corrective action for 
1 limited interval of time only. The shape of the slot is such, 
however, that the greater the deflection of the mirror the 
onger will be the duration of the corrective action. The 
system, therefore, brings the frequency back to normal at 
a rate which is roughly proportional to the departure from 
normal; and the system does not overshoot. 

These two applications of the phototube, one in a volt- 
age regulator and the other in a frequency regulator, are 
presented not so much to describe these particular devices 
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as to indicate how the phototubes and photocells have ex- 
tended the usefulness of instruments beyond the range ot 
measurement into the field of control. It will be obvious 
that innumerable adaptations of this scheme are possible. 
Within this scheme anything that moves a pointer, a col- 
umn of mercury or water, a rotating disk, etc., becomes 
a controlling agency. 

In the case of the phototube voltage regulator described 
above, it will be noted that the last amplifier tube must 
be capable of carrying the entire field current of the gen- 
erator. This, therefore, limits the application of this sys- 
tem to very small generators, unless some form of grid- 
controlled gas-filled tube could be substituted for the high- 
vacuum tubes used. Such tubes are capable of handling 
much greater power. 

The above-described circuits showing the application ot 
the “hole-in-meter” principle all utilize high-vacuum type 
phototubes. It should scarcely be necessary to point out that 
the same principle can be used with photocells with ex- 
cellent results. Where photocells are used, their output 
usually operates a sensitive relay which in turn controls 
the power relay controlling the heaters. 


Photoelectrically-balanced Potentiometers 

Several manufacturers have incorporated the photoelec- 
tric principle in automatically balancing potentiometer cir- 
cuits used in temperature recorders. One of these, the 
Tagliabue “Celectray” photoelectrically balanced recording 
potentiometer, is shown in Fig. 235. This circuit uses a 
thermocouple as the primary temperature-responsive ele- 
ment. The thermocouple and potentiometer circuit is 
shown at the right while the balancing circuits are shown 
at the left. Normally, when the temperature remains con- 
stant at the setting-point, the light from the lamp is re- 
flected toward the phototube by the mirror galvanometer. 
In the balance position, the light beam is directed at the 
edge of the phototube cathode. When the temperature 
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changes, however, the galvanometer mirror swings and this 
deflects the light away from its balance position. With the 
light in the balance position, one of the two relays (Nos. 
1 and 2) is closed and the other open, and under these 
conditions the balancing motor is inoperative. When the 
light beam is off balance, it is either entirely on the photo- 
cathode surface or entirely off and the relays are either 
both open or closed and this drives the motor in one or 
the opposite direction. When both relays are closed the 
reversing motor carries the moving contact of the slide 
wire potentiometer down-scale and when both relays are 
open, the moving contact travels up-scale. 

It should be noted that in the recorder just described 
the phototube is not a calibrated element but serves only 
to detect the direction of the light beam and bring the gal- 
vanometer to zero deflection in accordance with the well- 
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Fig. 235. Diagram of the Tagliabue 
photoelectrically balanced recording po- 
tentiometer, Exact balance of the poten- 
tiometer is indicated by zero deflection 
of the galvanometer. Any unbalance de- 
flects it and the reflected light beam 
causes the photoelectric balancing cir- 
cuit to operate and drive a motor to 
restore balance. 


known null method of balancing an electric circuit. The 
instrument is therefore not a photoelectric potentiometer; 
it is a photoelectrically-balanced potentiometer. 

The actual operation of the balancing circuit need not 
be explained in detail here but a few facts about its opera- 
tion may be of interest. When the light is deflected away 
from the balance edge of the phototube it results in a sud- 
den change in the current through the grid resistor in 
series with the grid capacitor. The change in voltage drop 
across the resistor is immediately applied to the grid of 
the amplifier tube, before the voltage across the capacitor 
changes perceptibly. As the charge on the capacitor 
changes, however, the grid voltage continues to change in 
the same direction but at a much slower rate. As a result, 
the plate current of the amplifier tube increases suddenly 
to a certain value when the light beam falls on the photo- 
tube and then continues to increase to a higher value, but 
at a slower rate. The initial increase in plate current is ad- 
justed to be between the operating currents of the two 
relays in series with the plate circuit. This two-step action 
helps in quick starting of the reversing motor and then 
prevents it from overshooting the balance point on the 
potentiometer. If the motor stops before the balance point 
is reached, the light beam swings back off the phototube 
and the motor takes small steps until the balance point is 
reached. 


The Photoflash Synchronizer Tester 

The capacitor-resistor combination used in the input cir- 
cuit of the Tagliabue photoelectrically-balanced potenti- 
ometer just described also forms the basic principle of an 
instrument developed for the precise timing of the interval 
between the closure of a switch and the attainment of great- 
est brilliancy of a photoflash lamp in the operation of a 
camera shutter. This device was described by P. A. Mar- 
shall of the National Carbon Co. Research Laboratories 
in the January 1942 issue of Electronics. The range cov- 


January 1945—Instruments—Page 13 








ered by this tester is from 10 to 45 milliseconds. Its basic 
circuit is shown in Fig. 236A. Operation depends on two 
gaseous tetrodes which control the charging of a con- 
denser in accordance with the time interval to be meas- 
ured. In the basic circuit triodes are shown instead of tet- 
rodes for simplicity. Event No. 1, marking the start of the 
time interval to be measured, exercises control in grid 
circuit G; and causes 7; to ionize. Capacitor C starts to 
charge through 7, but before it is fully charged event No. 
2 occurs, marking the end of the time interval to be meas- 
ured. A pulse of voltage exercises control in grid circuit 
Gz ionizing T2. With T2 ionized, the plate potential on T; 
is reduced to a value below the extinction potential and 7; 
is de-ionized leaving capacitor C with a definite charge, 
which is a measure of the time interval between events 
number 1 and 2. 


Fig. 236A. Basic circuit of interval 
timer using two gas tubes and a 
7 capacitor. 


R Fig. 236B. Wiring diagram of instru- 
ment, including voltage-regulated 
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The actual circuit is shown in Fig. 236B. The photo- 
flash synchronizer under test is connected across R; in 
such a fashion that the voltage of the battery within the 
synchronizer appears across this resistor as soon as the 
synchronizer operating switch is closed, ionizing 2051 at 
the left of the diagram and starting the capacitor charge 
cycle. A light source such as a 6- or 8-volt automobile 
headlight lamp is mounted so that illumination from it is 
directed into the phototube (917). The camera shutter 
with synchronizer actuator attached is interposed between 
the light source and the phototube. When the shutter opens, 
permitting light to fall on the phototube, current flows 
through Ry and the voltage developed across this resistor 
trips the second 2051, extinguishing the first 2051 by vir- 
tue of the yirtual short circuit across R3 and stopping the 
capacitor charge cycle. 

The voltage across C; is read immediately by rotating 
switch SW one step clockwise, which connects it to the in- 
put of a degenerative vacuum tube voltmeter calibrated di- 
rectly in milliseconds. After reading the time interval, 
switch SW is moved one more step clockwise to discharge 
C; and is then returned to the original or charge position 
after pausing for an instant in the central or “read” po- 
sition to note whether the indicating instrument returns 
fully to the index mark denoting a completely discharged 
capacitor. The pushbutton is then depressed, opening: the 
anode circuit of the second gas tetrode and permitting its 
grid to regain control. The device is now ready for another 
time interval measurement. 

The instrument is mounted in a portable case with the 
phototube behind a lens and the light source is contained 
in another case so that it can be mounted a few feet 
away. The instrument is self-contained with an 80 recti- 
fier supplying the direct current for the amplifier tubes. 
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Photoelectric Tester for Camera Shutters 

A relatively simple arrangement using a phototube has 
been used for testing camera shutters. This consisted 
mereiy of a phototube followed by a 3-stage direct-coupled 
amplifier. The output of the final amplifier was connected 
to an oscillograph element. A 200-watt incandescent lamp 
served as the source of light and an optical system was 
arranged to cover the shutter with uniform illumination. 
The camera lens converged the beam on the photocell. With 
this arrangement the amount of light reaching the photo- 
cell was directly proportional to the amount of shutter 
opening and the flash of light as the shutter opened and 
closed gave an oscillograph trace that accurately described 
the action of the shutter. 

General Applications 

The instruments and devices described in this article 
constitute only a few of hundreds of possible applications 
of phototubes and photocells in providing a means of link- 
ing mechanical and electrical systems. The systems de- 
scribed will suggest others. In industrial control, the pho- 
totube is used in a wide variety of ways. The bean sorter 
mentioned is typical of this type of application. Another 
extremely useful application is in register control in print- 
ing. Here the phototube “watches” the edge of the printed 
pattern and takes care that this pattern registers with the 
edge of the paper or fabric within narrow limits. In the 
manufacture of thin sheet steel, phototubes inspect the 
finished product for pinholes. There are literally thou- 
sands of possible applications of this type, many of them 
quite simple, as those which involve counting of objects 
as they pass by on a belt conveyor. In such cases the ob- 
ject merely interrupts or reflects a beam of light and thus, 
through the medium of the photocell and amplifiers, actu- 
ates counting mechanisms. 

At the present time all phototubes of the emissive type 
are operated with amplifiers which in turn operate relays. 
The phototube, inherently, has an extremely high resistance; 
the resistance of magnetic relays is usually very low in 
comparison. The amplifier tube serves to match the resist- 
ance of the relay to that of the phototube and, at the same 
time, provides the power necessary to operate relays. At 
present even the best phototubes are unable to operate re- 
lays directly. 

Some progress has been made in the development of re- 
lays which may be operated directly by the output of pho- 
totubes. Rochelle salt crystals, for example, because of their 
strong piezoelectric characteristics, are mechanically de- 
formed when voltages are placed on their surfaces and re- 
lays using this principle have been devised. In other in- 
stances electrostatic relays have been devised which, though 
they require fairly large voltage charges, need practically 
no current. All of these devices provide attractive future 
possibilities. 


XXXII. CATHODE-RAY ACTION 

As had been explained in an earlier article* our earliest 
electron tubes consisted of a plain cylindrical glass tube 
with terminals sealed into opposite ends. When these tubes 
were evacuated, and sufficiently high voltages impressed 
upon the terminals, a luminous discharge would fill the 
tube. Among the early discoveries concerning the action of 
these discharges was the fact that at very low pressures 
the luminous discharge would disappear and the walls of 
the cylinder would begin to glow; they were said to fluor- 
esce. It was further discovered that if a solid object was 
placed in the discharge path, the rays would cast a shadow 
of the object on the side of the tube away from the nega- 
tive terminal. This provided the first clue as to the true na- 
ture of the discharge, i.e., that the rays consisted of par- 
ticles proceeding from the negative terminal towards the 
positive terminal. 

Later on it was discovered that if a magnet was held 
near the tube, the ray, or beam of particles, would be de- 
flected from its normally straight path. The deflection could 
also be obtained by a pair of electrically charged plates on 
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»pposite sides of the tubes. In all cases the deflections were 
n directions which indicated that the rays consisted of 
iegatively charged particles. 

It was from these early investigations that the modern 
vathode-ray tube was developed. The present-day cathode- 
‘ay tube is a vacuum tube in which the electrons emitted 
from a hot filament are first accelerated to give them con- 
siderable velocity, then formed into a beam by suitable 
methods and, finally, allowed to impinge upon a special 
translucent screen which fluoresces or gives off light at 
the point where the beam strikes. The beam can be moved 
laterally or vertically by electrostatic or electromagnetic 
fields introduced along the path of the beam. 

The early tubes also had only cold cathodes, since at 
that time the principle of thermionic emission was not yet 
understood. One of the earliest tubes of this kind was the 
Braun tube, illustrated in Fig. 237. It consists of a tube, 
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Fig. 237. Braun tube. 

















cylindrical for about two-thirds of its length but flared 
out in the final third, as shown. It is about 20” long. A 
small metal disk, the cathode, is mounted at the narrow 
end. The anode is a small metal rod projecting into the 
bulb from the side. Beyond the anode is a diaphragm sepa- 
rating the cathode-anode section from the deflecting-field 
and fluorescent-screen section. The diaphragm has a cen- 
trally located aperture about one millimeter in diameter. 
The gas pressure in the tube ranges from 4 to 8 microns of 
mercury. A voltage of 12,000 to 30,000 volts was neces- 
sary between the cathode and the anode. When the tube 
is in operation, the ionized gas molecules bombard the 
cathode plate causing impact emission of electrons which 
are accelerated toward the anode by the high positive po- 
tential. Because the anode is small and on one side of the 
tube, many of the electrons travel on past it through the 
aperture in the diaphragm. This constitutes the cathode 
ray or electron beam which is deflected by electric or mag- 
netic fields and produces the fluorescent pattern on the 
screen at the enlarged end. A magnetic solenoid is some- 
times placed concentrically over the small end of the tube 
to assist in focusing the electron beam on the screen. 

The Braun tube is not used much.at the present time 
and is described here largely because of its historical in- 
terest. 

The Dufour Cathode-ray Tube 


The Dufour tube* shown in Fig. 238 is similar to the 
Braun tube in principle but it is a much more highly de- 
veloped form and is used at the present time in the inves- 
tigation of very-high-speed transient phenomena. It was 
developed by Professor Dufour of France. 

Like the Braun tube, it employs a cold-cathode source of 
electrons, but it provides for inserting photographic plates 
or film inside the tube. The screen end of the tube is 
usually made of metal with a removable compartment for 
holding a number of photographic plates. A vacuum pump 
and pressure gage are part of the operating equipment. 
About 12 minutes are needed to produce the required 
vacuum which, in one type, is equivalent to a pressure of 


10 microns for a potential of 50,000 to 60,000 volts between’ 


cathode and anode. The electrons record by acting directly 
on the emulsion of the photographic plate or film. A good 
trace is recorded even when the electron beam sweeps 
across the film as rapidly as 100 miles per second. As al- 
ready mentioned, the Dufour type tube, because of the 
high recording speeds attainable, has proved most useful 


*Cathode Ray Tubes and Their Applications, J. M. Stinchfield. 
A.I.E.B. Transactions, Vol. 53, December 1934, page 1608, 


as a recording oscillograph in the investigation of high- 
speed transient phenomena. The elaborate equipment 
needed, however, and its relatively high cost, have limitea 
the use of this type of tube. 


AN 


Fig. 238. The Dufour 
cathode - ray _oscillo- 
graph. 

















The Modern Low-voltage Cathode-ray Tube 


The principle of the modern low- or medium-voltage 
cathode-ray tube in universal use at the present time both 
as an oscilloscope or as a television receiver tube is shown 
in Fig. 239. It consists fundamentally of a heated cathode 
emitting electrons, an anode D containing an aperture, a 
set of deflecting plates P and a fluorescent screen. The hot 
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Fig. 239. Illustrating the principle of the low- or medium-yoltage 
cathode-ray tube. 


cathode provides a much larger number of electrons than 
is the case in the cold-cathode type of tube previously de- 
scribed, and, since the emission of electrons from the fila- 
ment is not dependent upon the anode potential, a smaller 
accelerating potential can be employed. 

A typical low-voltage cathode-ray tube is shown in Fig. 
240. Its structure is fundamentally the same as that shown 
in Fig. 239 but the elements are depicted in greater detail. 
In some tubes, not much used at present, a small amount 
of inert gas at low pressure is usually introduced for the 
purpose of focusing the cathode ray as will be explained 
below. 

From left to right, the elements in the tube consist of 
a thermionic cathode from which the electrons are emitted, 
a grid, two cylindrical anodes, two sets of deflecting plates 
arranged at right angles for vertical and horizontal deflec- 
tion, and a fluorescent screen. The electrode arrangement, 
consisting of the cathode, grid and anodes Nos. 1 and 2, 
is generally referred to as the electron gun and it forms 
the electrons into a beam. The intensity of the beam is 
regulated by the grid in the same way as in an ordi- 
nary triode or tetrode. A relatively small voltage variation 
applied to the grid results in large variations in the inten- 
sity of the beam. The first anode is a relatively long cylin- 
der with two apertures, as shown. This anode is operated 

(Continued on page 32) 
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¢¢¢ NONTINUOUS BALANCE?” is a new principle in pyrometry. It makes the 
Brown ElectroniK Potentiometer an outstanding advance in instrumen- 
tation—probably the greatest step forward in several decades. 


In this advanced potentiometer controller, the “Continuous Balance” unit 
supplants the galvanometer used in conventional mechanical-type potentiom- 
eters employing a periodic or cyclic mechanism. 


What “Continuous Balance” does for measurement—‘“Air-o-Line Control” 
does for fuel modulation, being capable of infinite fineness in fuel valve 


adjustment. 


Used with conventional wiring and thermocouple installations, Brown 
ElectroniK Potentiometers are rapidly outmoding all other forms of tempera- 
ture controllers for: 


Annealing 

Hardening 

High Speed Salt Baths 
Lead Baths 

Stress Relieving 

Forging Furnaces 
Aluminum Heat Treating 


Electrolytic Tin Lines 
Porous Chrome Plating 
Acid Tank Control 
Sub-zero Treating 
Normalizing 

Nitriding 

Carburizing 


Bell Type Strip Annealing Furnaces 
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PARTIAL LIST OF USERS 


Aluminum Company of America 
American Magnesium Company 
American Rolling Mills Company 
Armour Research Foundation 

Armstrong Cork Company 

Blackhawk Foundry & Machine Company 
Boeing Aircraft Company 

Bohn Aluminum Corporation 

Buick Motor Company 

Butcher & Hart Manufacturing Corporation 
Canadian Westinghouse 

Chevrolet Motor Company 

Chrysler Corporation 

Cleveland Twist Drill Company 
Columbus Heat Treating Company 
Consolidated Vultee Aircraft Company 
Continental Can Company 

Cooper Bessemer Corporation 


| Cramp Brass Foundry Division 
| Curtiss-Wright Corporation 


Write for Catalog 15-4, THE BROWN INSTRUMENT COMPANY, a division of Minne- 
apolis-Honeywell Regulator Company, 4482 Wayne Avenue, Philadelphia 44, Pa. Offices in 
all principal cities. 119 Peter Street, Toronto, Canada—Wadsworth Road, Perivale, Middlesex, 
England—N ybrokajen 7, Stockholm, Sweden. 


OPERATE ON CONTINUOUS BALANCE PRINCIPLE 
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Dayton Forging 

Dodge Chicago-Chrysler Corporation 
Elmira Foundries Division of GE 
Fisher Body Company 

Ford Motor Company 

General Electric Company 

Harvey Metal Corporation 

U. S. Hoffman Machinery 

Illinois Tool Works 

Kelsey Hayes Wheel 

Linde Air Products 

Pitcairn Company 

Revere Copper & Brass 

St. Joseph Lead Company 

Titanium Alloy Manufacturing Company 
U. S. Naval Air Station 

Naval Researc’ Laboratory 

National Cash Register 

Walworth Company 

Westinghouse Electric & Mfg. Company 
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Fluids... that stay 


In numerous engineering and technical uses, includ- 
ing precision instrument applications, the new liquid 
organo-silicon-oxide polymers known as Dow Corn- 
ing Fluids are proving their marked superiorities 
over conventional oils. 


These water-white mobile liquids remain fluid at 
arctic temperatures, ana exhibit unusually low rate 
of viscosity change over a wide temperature range. 
They are heat stable, neutral in reaction, chemically 
inert, non-corrosive to metals. 


The dielectric constant of the nonvolatile [J Fluids 


(those above 20 centistokes) is 2.7 to 2.8 and their 


dielectric loss is exceptionally low, remaining at less 
than 0.0001 over a wide frequency range. Inquiries 
for detailed information are invited. 


DOW CORNING CORPORATION 
BOX 592, MIDLAND, MICHIGAN 
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DOW CORNING FLUIDS COME IN TWO TYPES: 
TYPE 200—commercially available in five viscosity grades—100, 


200, 350, 500 and 1,000—in centistokes at 25°C. 
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TYPE 500—commercially available in ten viscosity grades—0.65, | 
1.0, 1.5, 2.0, 3.0, 5.0, 10, 20, 50 and 100—in centistokes at 25°C. 
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INSTALLATION MAINTENANCE 
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\ y IV, No. 1 


LTHOUGH it is not our heaviest armed airplane, the 

B-29 has been called “the best gunned” airplane. 
On it are five turrets—two upper, two lower, and one in 
the tail. These turrets carry 11 or 13 guns. As many as 
three of these turrets can be controlled and fired simul- 
taneously by a single gunner from a single sight. (Never 
before has a combat gunner been able to control more than 
one turret.) More than thirty different combinations of 
turrets are available to the five B-29 gunners and they can 
get any one of these combinations in the split-second re- 
quired to throw the switches. 

The upper forward and 
placed ahead of the big 
propellers. This’ gives 
them unrestricted free- 
dom in fighting off at- 
tacks in the forward 
hemisphere. And against 
those breath-taking head- 
on nose attacks they team 
together for concentrated 
fire power. 

The upper rear turret 
provides protection from 
overhead attacks; the 
lower rear from attacks 
underneath. These two 
work together in stopping 
attacks from either side. 

The tail turret with its 
machine guns and cannon, 
stands guard against of- 
fenders from the rear. 

All of these turrets are 
commanded by remote 
control from five sighting 
stations. What is “‘remote- 
control armament”? 

“Remote-control arma- 
ment” or central-station 
gunfire control is: 

A turret in one place on 
the airplane and the sight- 
ng stations that control it 
in different and more con- 
venient places in the plane 
with nothing but electrical 


onnections between the tur- 
et and the sight. 


forward turrets are 


lower 








Fig. 1. Nose gunner on the 
B-29 using one of five sighting 
stations described in this article. 
All gunners are inside the com- 
fortable pressurized 

Fig. 2. This is what the B-29 
gunner sees through his sight. 
Tiny spot of light centered on 
nose of plane is aiming point. 
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M. F. Béhar, Editor 
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Centralized Gunfire Control of the B-29—a Triumph of 
Coordinated Computing and Servo Instrumentation 


By H. T. HOKANSON (Aviation Division) and T. S. LISBERGER (Aeronautics and Marine Engineering Division), 
General Electric Co., Schenectady, N. Y. 


A sight pointing at an enemy fighter and the guns pointing 
to hit that fighter. 
A comfortable gunner in a warm cabin at 8,000-foot conditions 


with his guns in a sub-zero gale at 30,000 feet. 


A gunner’s undisturbed finger-tip touch on a sight, pushing 
several heavy machine guns against a 300-m.p.h. wind. 

Guns strategically placed, even where a gunner can’t be com- 
fortably located. 

temote-control armament is not something added—it 


is engineered into the airplane, it is a part of engineered 
warfare. 

Even before the United States was attacked, the Army 
Air Forces and General Electric had been developing air- 
plane armament for the future. En- 
gineers were quietly working in lab- 
oratories and drafting rooms at 
Wright Field and at Schenectady to 
find combinations of electric circuits 
and mechanical gear which would 
solve the problems being discovered 
by the AAF tactical experts. Confi- 
dential flight tests of the new arma- 
ment developments were conducted at 
guarded AAF flying fields and in 
aerial solitude over the Gulf of Mex- 
ico. When the B-29 was selected for 
mass production to help win the war 
against Japan, broad-visioned AAF 
engineering officers saw that remote- 
control armament would best fit the 
new Superfortress and 
General Electric was 
requested to design an 
armament system into 
the B-29 and to build it. 

NEW PROBLEMS 

Previously, a _ mili- 
tary airplane had been 
built first to fly. Then, 
if the occasion demand- 
ed, guns were added. 
But long-range think- 
ing by AAF engineers 
was rapidly establish- 
ing a new philosophy— 
even a new science. 
The extreme altitude, 
speed and range of the 
B-29, together with 
problems presented by 
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the new pressurized cabins, made previous armament 
methods impossible for this airplane. New problems de- 
manded new solutions. 

It was obvious from the beginning that the B-29 would 
have to make long flights to attack Japan. This meant that 
the gunners had to be kept comfortable in the pressure- 
ized cabin Fig. 1). But they cannot shoot guns 
through a pressure-tight wall. The guns must be kept on 
the outside and must be aimed and fired from inside the 
pressurized cabin. 

The large wind forces exerted against the barrels of 
machine guns protruding from high-speed airplanes like 


(see 


the B-29 make power drive for these guns imperative. 
Without this assistance, the gunner could not instantly 


swing his guns on to a precise aim. The flow of power 
to drive the guns must be instantaneous in its response 
to the gunner’s command. 

The B-29’s high altitude, long range and large bomb 
load is important to fight the Japs. But adequate fire pow- 
er is also important to fight the Japs. Large formations 
have been previously used for mutual protection. But ex- 
perience has shown that “throttle jockeying” by airplanes 
trying to maintain formation can use enough gasoline to 
cut their range in half. Adequate fire power and fire- 
coverage permits operation of small formations or single 
B-29’s. In this way “throttle jockeying” is eliminated and 
long range results. 

Weight and drag are the worst enemies of high-alti- 
tude, long-range and large-bomb-load characteristics. But 
weight and drag increase for every gun added. Therefore 
enough but not too many guns must be used. The bombing 
of a Japanese steel mill at Yawata could possibly be ac- 
complished by B-29’s with no guns. But if such an attempt 
were made, the high percentage of losses to Japanese 
fighter planes would make the mission costly in equipment 
and human life. 

Too large a number of guns is likewise bad. The bomb 
load must be reduced to pay for the weight of armament. 
Thus more airplanes will be needed to drop the necessary 


THE FIVE SIGHTING STATIONS AND THE FIVE TURRETS 
ARE INTERCONNECTED TO FORM AN INTEGRATED SYS- 
TEM WHEREBY EACH GUNNER CAN INSTANTLY TAKE 
CONTROL OF TWO (IN SOME CASES THREE) TURRETS. 


Fig. 4. 


One of the lower turrets of the B-29, 
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Fig. 3. One of the upper turrets of the B-29 with most of dome 
shown cut-away to bring out: (a) the compact design of gun- 
mounts, automatic ammo feed, positioning servomechanisms, etc., 
(b) the clean aerodynamic design of the low slick dome, 


tons of bombs, and the number of operational losses will 
increase. Also, the losses to enemy flak will be greater 
because the increased drag reduces the operational alti- 
tude. Even if this large number of guns gave perfect pro- 
tection from enemy fighters, the other losses would pre- 
vent calling this a good design. The optimum design is 
somewhere between no guns and too many guns. 

The high altitude and high speed of the B-29 created 
new problems in destroying enemy fighters which would 
attack it. The armament system had to be able to instant- 
ly defend the airplane against a variety of attacks greatly 
different from one another: 


(1) Nose attacks in which only three seconds elapse from 
when the attacking fighter is six blocks away until he is gone 
behind, 

(2) Side attacks 
great that the guns 
yards. 

(3) Slowly-closing tail attacks that give the fighter plane 
a long time to fire, thereby demanding very accurate return 
fire from the B-29 touwin the duel. . 


Only together could the Army Air Forces, Boeing, and 
General Electric juggle all of these factors to draw up 
the requisite specifications. 


is 80 
200 


in which the relative angular rate 
must lead the fighter by as much as 


TURRETS 


A good turret is the first essential of a good fire-control 
system. The turret carries and operates the bomber’s 
guns. Without a good turret, the accessory equipment to 
control it would become useless and the safety of the air- 
plane wonld be jeopardized. Each turret had to be pro- 
vided with enough guns for good hitting power, but not 
too many guns, because of the weight factor. It was neces- 
sary to select the smallest caliber of guns that would 
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Pioneer 


\ Pioneer “‘first’? we are particularly proud of is the Pioneer 


Turn and Bank Indicator, Almost twenty years ago the 


first turn and bank indicator was manufactured and sold 
by Pioneer. This sturdy member of the Pioneer primary 
flight-security group has provided steadfast indications of 
rate of turn and lateral stability for hundreds of thousands 


PIONEER INSTRUM E NTS ECLIPSE-PIONEER DIVISION 


3endix and Pioneer cre trademarks of Bendix Aviation Corporation 


of pilots throughout the world, Its rugged design and close- 
tolerance calibration have meant dependable readings 
through literally billions of pointer deflections, earning 
the admiration of flying and service personnel everywhere 
—another tribute to the Creative Engineering-plus prin- 


ciple which guides Pioneer. 


4 


AV/ATION CORPORATION 
Teterboro, N.J. 
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be lethal against enemy fighters, to permit carrying the 
most ammunition for the allowable weight. More than two 
rounds of .50-calibre ammunition can be carried for the 
weight of one round of 20-mm. ammunition. After all fac- 
tors had been considered the .50-caliber machine gun was 
selected for the job with one exception. The Boeing turret 
was to be provided with .50-caliber machine guns and, in 
addition, a 20-mm. cannon to give hard-hitting fire power 
against slowly-closing tail attacks. All other turrets would 
have two .50-caliber machine guns for the optimum design. 

To obtain the maximum fire coverage from each gun in 
order that there might be a minimum number of guns 
and still “no-blind-spot” protection, each turret is so 
mounted on bearings that it can swing around about a 










Fig. 5. B-29 sighting station with which the gunner aims and 
ranges his target and, by means of trigger and knobs requiring 
no muscular effort, commands the fire-power of one or more 
turrets. 





vertical axis; the guius are fastened to a saddle in the 
turret that permits them to swing up or down. With this 
freedom, the guns can be brought to bear in any direction 
in even more than a hemisphere. (See Figs. 3 and 4.) 

Amnrunition for the upper and lower turrets is carried 
in ammunition cans which are a part of the turret. Auto- 
matic ammunition boosters are installed for each gun to 
boost the ammo into the gun. Each gun is provided with 
an automatic gun charger which performs two functions: 
(1) It fires the guns by remote control whenever the trig- 
ger on the gunner’s sight is pressed, and (2) it throws 
out a bad cartridge and puts in the next one whenever 
the gun finds one that won’t fire—all automatically in a 
fraction of a second. 

Six electric motors are used to operate each turret and 
point its guns as the gunner aims his sight. 

A gunner concentrating on “tracking” a fast-moving 
enemy airplane might swing the line of fire from his guns 
through parts of his own airplane. Automatic fire inter- 
rupters stop the guns from firing at the gunner’s own 
airplane. 

Everything in the turret is built snug and compact. It 
is finally covered on the outside by a low sleek dome for 
aerodynamic cleanliness and low drag. 
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SIGHTING STATION 


The sighting station (Fig. 5) used by the gunner to aim9 
at and range the enemy fighter is truly a precision instru- 9 


ment. It must permit a gunner, who has a comfortable 


grasp on its handles, to “track” a fast-moving enemy § 
fighter smoothly and accurately without stickiness or! 
roughness to disturb his steady touch and throw him off, § 


The sighting station trigger will fire all guns on all 
turrets controlled by this particular sighting station. 


Mounted on the sighting station is the actual sigh: | 
Through it the gunner sees a tiny spot of light which is} 


his aiming point. Whenever he puts this spot on the en- 


emy airplane, he knows that his aim is correct. (See Fig. § 
2). Around the sighting dot is a circle of other dots of § 
light. The size of this circle can be changed by twisting } 


the range control on his handles. When the gunner has 
his aiming point on the center of the enemy airplane, he 
adjusts the size of the circle until it just spans the length 
of the target. Sun or sky filters and a brightness contro! 


on the sighting light give the gunner a wide range of f 


adjustment. With the proper settings, he can sight at any 
target—from a plane coming at him almost directly out 
of the sun, to a plane coming at him out of the blackness 
of night. 

Selsyn position indicators are a part of the sighting 
station; from these electrical connections run to a simi- 
lar set of Selsyns on the turret. Whenever the gunner 




























Fig. 6. The B-29 computer connects sighting station and turret, 
and applies corrections. (Construction cannot yet be disclosed.) 


moves the sight, the Selsyns on the sight and the Selsyns 
on the turret compare automatically the line of sight with 
the line of fire. If a difference exists, an electrical signal 
representing the difference between directions is fed into 
an electronic servo amplifier. 

The servo amplifier amplifies the signal it has received 
and decides which way the guns must be moved to bring 
them into alignment with the sight. It then applies elec- 
tric current to the field of an Amplidyne motor-generator, 
which generates a voltage causing the turret-drive motor 
to run in the proper direction until the Selsyns signal that 
the guns are lined up with the sight. 


COMPUTER 
So far, it has been shown that wherever the sight points, 
the guns point parallel to the line of sight. But this will 
not permit hitting the target when the gunner aims at it 


because: 
The guns point parallel to the line of sight. The guns and 
sights are located a distance away from each other so the guns 
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MICROMANOMETER 
FOR 





| 





® This new, efficient in- 
strument is used mainly 
for calibrating low pres- 
sure instruments and other 
devices. It can be employ- 
ed also as a conventional 
manometer for reading 
pressures or vacuums. 


Highly sensitive, the Meriam 
Micromanometer permits 
readings to plus or minus 
.001” water pressure. Most 
rugged, and unequalled 
in simplicity Not the 
least complicated or mys- 
terious, it can be han- 
dled successfully by the 
average operator. 
Ask for Bulletin 25 


THE MERIAM 
INSTRUMENT CO. 


10958 Madison Avenue 
Cleveland 2, Ohio £0 


e 
Patent Applied For 













MERIAM * 


Snsteuments 


LISHED 


* 


MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT - 
i OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES : 





Page 24—Instruments—Vol. 18 





























have to be moved to intersect the line of sight at the target {)@ 
order to hit. (This is known as correcting for parallax.) i 

The apparent wind as the B-29 flies along can “blow” ‘hy, 
bullets back a whole plane length behind the enemy fighter by, 
the time they get out to him. In order to hit, the guns must by 
aimed ahead. 

Gravity makes the bullets drop. The guns must be elevated t 
correct for this drop. ; 

The relative motion of an enemy fighter can require lead 7 
correction as large as 200 yards ahead of the fighter in the 
direction he seems to be moving. If a bullet takes a second t 
travel out to the fighter, he might have moved 200 yards in 
that time. This must also be corrected for when firing. 







































The B-29 computer (Fig. 6) was designed to solve these} 
problems automatically and make the guns point to hit the’ 
enemy fighter when the gunner aims at him. The computer 
automatically calculates the parallax, windage, gravity 
drop, and lead corrections and then adds them together moe 


















~ Elediction co 
ox NO correction. nn 
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1. Prediction- The correction made which causes 
guns to lead the torget 
correction ie 
thst t — ‘ 
$Siic Correchion —— ® 
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Line of sight Os 
i 38) 


Windage 
{Effect of Gravity Not Shown) 


2, Bollistic—The correction made to compensate for 
“deflection caused by wind and gravity 
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No correction 


3. Paraliax— The correction made due to the distance ~ 
between the controlling sighting station and turret 


“S37 otal £orrection 
~~ No correction 














No correction 


* Total correction combines prediction, ballistic 
and parallax corrections 
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Fig. 7. This is what the automatic computer does in making 
corrections to hit the target. 


a total correction. (See Fig. 7.) This total correction 
(which might be more than 10°) is superposed on the 
sight direction signal and causes the turret to point its 
guns not at the target but so that bullets will hit the target. 
Thus the gunner can aim right at the target and know 
that his bullets will hit. 


COORDINATION AND INTERLOCKING 


Because all sight signals are transmitted electrically, 
more than one turret can be connected to these signals; 
so each sight can control as many turrets as are connected 
to it. Turrets can be transferred from one sight to another 
by simply operating a switch. In this way, the firepower 
from all turrets can be distributed for over-all protectio1 
or can be concentrated where it is needed the most. B-29 
turrets need never be idle regardless of the direction from 
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Specify Air Express 


ILLIONS of dollars are lost annually by the ordi- 
nary slow-downs of business and industry due to 
the constantly recurring need for tools and materials 
and waiting for delivery! 

AIR EXPRESS can close many of those gaps between 
planning and performance, save many of those dollars! 

As you put new production plans into operation, you 
will find AIR EXPRESS at your service with expanded 
facilities for helping you eut the high cost of idle 
machines, idle labor, idle goods. 











A Money-Saving, High-Speed Tool 
for Every Business 

With additional planes now available for all important types of traffic, 3-mile-a- 

minute Air Express directly serves hundreds of U.S. cities and scores of foreign 


countries. Thousands of shippers are saving substantial sums through Air Express, 
employing its economy and efficiency in an ever-increasing number of ways. 


WRITE TODAY for “Quizzical Quiz’’—a booklet packed with facts that will 
help you solve many a shipping problem. Dept. PR-13, Railway Express Agency, 
230 Park Avenue, New York 17, N. Y., or ask for it at any local office. 


Gels there FIRST 


Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
Representing the AIRLINES of the United States 
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Army, Navy and Air Corps 


DIALS AND OTHER DEVICES 


processed with 


DI 


PHOSPHORESCENT AND 
FLUORESCENT COMPOUNDS 








Materials processed with radium compounds 
glow everlastingly in the dark without activation 
from any outside source. 

We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected Jabo- 
ratory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 
First in Radium— Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 


Canadian 


RADIUM & URANIUM 


Corporation ) 
630 FIFTH AVENUE « ROCKEFELLER CENTER « NEW YORK 
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which the Japs might choose to attack. Fewer turrets cin 
do the job. For these reasons the five turrets, the fi» 
sighting stations, and the accessories are interconnect 
electrically to form an integrated armament system: 


The nose gunner controls both the up,er forward and 
lower forward turrets. 

The upper gunner controls the upper rear turret and « 
simultaneously control the upper forward when the nose gunr 
is not using it. 

The side gunners control the lower rear turret and they « 
also control the lower forward when the nose gunner is 1 
using it. The side gunners can also control the tail turret 
the tail gunner is not using his guns, 

The gunners set up these various control combinations wi 
i few toggle switches ind then transfer of turret control b 
tween sighting stations is automatic. The combination of co 
trol that is selected depends upon the current enemy tacti 
being encountered, whether the B-29 is in formation or alor 
whether it is day or night, and other factors. 


Great system flexibility exists because all of the inte 
connections are electrical. Changes in the armament sys- 
tem arrangement can be more easily made as enemy ta 
tics change. This permits the fullest utilization of the 
weight carried and minimizes the chances for the enemy, 
to make the B-29 armament system obsolete overnight by) 
changes in his tactics. 


The Norden Bombsight 


This is the eagerly-awaited War Dep't 
WAS 


release describing the principal 
instrumen 


features of what the world’s most ingenious aviation 


now, in 194 uur planes carry even more wondrous devices 


AKE a set of complicated mathematical formulae, add 

a dash of mechanical wizardry, put the two in a box 
no larger than an overnight bag, stick it in the nose of 
an airplane and you have a weapon that has created a 
tradition in this war. 

The weapon: the fabulous Norden bombsight. 

The tradition: that American air power can hit a pick: 
barrel with a blockbuster. 

The weapon has been one of the most vigilantly safe 
guarded instruments used by the Army Air Forces and the 
Navy in this war. The tradition has flowered from the 
flaming wreckage of the enemy’s war-making power as it 
has been struck again and again with pin-point accuracy. 

This bombsight and its working companion, the AAF 
bombing automatic pilot, are triumphs of American inven- 
tive and productive ingenuity, unmatched by the enemy. 
Capable of great accuracy, the bombsight can be used 
from a wide range of altitudes and speeds. Since it is es- 
sentially an optical instrument, the sight is most effective 
when visibility is good, but special equipment has enabled 
its use even when the target is obscured. 

Development of today’s Norden bombsight has been unde: 
way since 1924 when the basic design was invented by C. 
L. Norden. Originally developed and used by the Naval Ai: 
Service, the sight is now employed by both Army and 
Navy, with current advanced models the product of the 
combined efforts of the Air Technical Service Command, 
Dayton, Ohio, the Navy’s Bureau of Ordnance, the Norde: 
Company, and other manufacturers who are producing the 
sight under license. 

The sight cannot be looked on as merely a mechanical! 
instrument. It represents a specialized training system and 
a technique of operation that comes only with sustained 
practice. An American bomber is an efficient offensive unit 
because from pilot to tail gunner every crewman’s purpose 
is to get the bombsight over the target. 

Minutes before starting the run on a target, the bom 
bardier adjusts the bombsight for the determined speed and 
altitude. He starts the gyroscope spinning, its axis at right 
angles to the ground. Looking down through the telescop 
at this point, the bombardier synchronizes the telescop 
movement with the apparent ground speed. The droppin 
angle is automatically set up by the bombsight. Armin; 
his bombs, or preparing fuses for detonation, the bom 
bardier takes control of the ship by means of the automati 
pilot attached to the bombsight. Knowing that to keep a 
straight course longer than 25 seconds will give the enemy 
flak-perfect range, he must work fast. He manipulates four 
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Do you want SPEED in 
making Moisture Tests? 


In many processes SPEED is a prime requisite in making mois- ‘ The STEINLITE One Minute 
ture tests. If this is true in your case, investigate the Steinlite One ee Moisture Tester 
Minute moisture tester. With this instrument an accurate test can - 
be made in one minute by an experienced operator .. . in 2 or 
3 minutes by almost any operator . . . a great saving over old- 
fashioned methods of moisture testing, which required 30 minutes 
or longer. 


The Steinlite operates on the electrical impedance principle 

. and is calibrated against the official method for each product. 
It is widely used on grains, dehydrated foods, starch, cocoa 
powder, cotton seed, linseed meal, nuts, etc. 


There are more Steinlites in use than all other electrically 
operated moisture testers combined. 


Explain your moisture testing requirements and our Engineers 
will help you solve your problem. 





| ReGES 644 BROOKS BUILDING 
‘Gormnly ane TaA0t | CHICAGO 6, ILLINOIS 


_| REPORTING SUREAU 
FOUNBED 1992 
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SMALLEST COMPLETE SIX-TRACE PORTABLE 
* _OSCILLOGRAPH- *« 





FEATURES= 


Self-powered. Detachable bat- 
tery case. 100-cycle time-line | 
device. Simultaneous viewing 
and photography. Electro- 
magnetically damped galva- 
nometers. individual feed and 
take-up magazines; remov- 
able in daylight. Simple in 
operation. Uses 100-foot rolls 
of paper, 2 inches wide. 








- HEILAND INT CORPORATION 


130 East 5th Avenue Denver 9, Colorado 
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Unimpaired Fluxing Power 


ALL CONDITIONS 


UNDER 





KESTER CORED SOLDERS 


@ Workmen like Kester Cored Solders. They like applica- 
tion of solder and fiux in one simple operation. Better sol- 
dering is the certain result. 


@ Kester Cored Solders are “Standard for Industry” because 
they are easy to handle; are available in just the right core- 
and strand-size for each particular connection, and maintain 
quality standards in the finished product. Alloy and flux are 
scientifically compounded to make permanent trouble-free 
connections. Fluxing power is effective under all conditions. 


@ Kester Rosin-Core Solder contains patented flux that will 
not disintegrate, nor lose its fluxing power no matter what 
the temperature. It will not cause corrosion, nor injure 
insulation. It forms electrical connections that last as long 
as the apparatus—connections that resist shock, vibration, 
expansion and contraction. 

@ Kester Acid-Core Solder, for general use, forms a connection 
that remains tight and clean under all operating conditions. 
Because of its patented core it will not leak; nor will its flux 
gather moisture. 


@ Kester engineers offer 46 years soldering experience 
to help you. They will gladly work with you on any solder- 
ing problem. 


KESTER SOLDER COMPANY 
4216 Wrightwood Ave., Chicago 39, Illinois 
Eastern Plant: Newark,N. J. Canadian Plant: Brantford, Ont 


w BUY WAR BONDS ~ 


KESTER 


Cred Sobers 


STANDARD 2 AeGes ta Y 
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the course of the plane. When the angle of closure reache§ 
the computed dropping angle he presses an electrical req 
lease button, which drops the bombs singly or in train® 
he bombsight’s performance completed, control of 
plane passes back to the pilot. 


knobs, two controlling the telescope mechanism and | 
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Approximately one minute is required by the bombarci 
from the time he starts the mechanism of the Norden untiy 


the bomb-load goes plummeting down. But that one minutd§ wth 
is set in a background of months of training in the use oj tg = 

the device bambardier cadets were once sworn to guar | 
with their lives. Now that the U. S. bombardier is also q = 
navigator, he must go through eighteen weeks of studje| “is 
ae 

y a 
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Norden Bombsight Revealed. With the publishing of this first 
picture, taken at the U. S.-Army Tactical Center in Orlando, 
Fla., the cover of secrecy is lifted from the Norden bombsight, 
America’s unparalleled aerial weapon. Bombsights have been 
captured intact by Germany, but would require years to reproduce. 


and practical experience before he can handle the bomb. 
sight confidently and accurately in that vital minute. He 
must have 372 hours of ground school work alone, cover- 
ing aspects of bombing from maintenance and calibration} 
of the Norden to operation of the automatic pilot. He must 
spend 25 hours in a bombing trainer, a synthetic device! 
that reproduces flight conditions without leaving the | 
ground. After that begins air training, day and night prac- 
tice bombing, target identification, and other facets of 
bombardment adding up to 85 hours. When he wins his 
wings he is a specialist in aerial destruction, and the Nor- 
den bombsight is as familiar to him as a microscope is t 
a biologist. 

Development of the present auto-pilot began in 1938 
from original Navy models of what was known as Stabil- 
ized Bombing Approach Equipment (SBAE). Research 
and testing was extensive and continuous, with engineers 
of the Air Technical Service Command and Minneapolis-} 
Honeywell Regulator Co. carrying out the work under di- 
rection of Brigadier General Franklin O. Carroll, Chie! 
of ATSC’s Engineering Division, and Colonel Robert i 
Jarmon, Chief of the Armament Laboratory. 


Three major benefits are derived from the automatic 
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INTERNAL SURFACES 


may be solued by means of 
WAPPLER BORESCOPE 


This is a telescopic instrument containing 





a lens system. The angles of vision for 
different type visual systems are shown 
Borescopes range from .110” dia. x 3%4 
long to .390” dia. x72”. Each instrument 
complete with conducting cord and spare 
lamp, and contains lighting circuit. Light 
source provided by batteries or direct 
connection to house current by means of 
current controller. 
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Gives You the New Design and 
Operating Advantages of CONSTANT SPEED 


Here is a new Oster development in a constant 
speed, governor-controlled motor that backs up 
your good judgment when you specify it for 
applications where constant speed is a necessity. 


Housing: Die cast aluminum end brackets. Mild steel field 
housing. Totally enclosed. 

Weight: 15 Oz. 

Bearings: Single shielded bail bearings, lubricated with a 
grease suitable for any specific application. Bearing hous- 
ings fitted with steel inserts. 

Windings and Insulation: Field coils and armature wound 
with insulated copper wire and impregnated with heat 
and moisture resisting insulating varnish. 

Brushes: Equipped with metal graphite brushes. Beryllium 
copper brush springs. 

Governor: Furnished with a centrifugal governor to main- 
tain constant speed over a voltage range of 25 to 30 volts. 

Temperature Rise: Maximum frame temperature rise at 
rated output will not exceed 55° C. 

Modifications: Motors can be furnished with special shaft 
extensions, mounting arrangements, finishes, leads, etc. 

All modified units are considered special. 





Let us help you fit this and other 
Osfer Motors to your requirements. 


M-22B 


John Oster Mfg. Co. 


DEPARTMENT N-22 ¢  -RACINE, ‘WISCONSIN 


% 
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pilot by AAF flying crews. It gives the bombardier a ste idy | 


platform for sighting; it holds the bomber on a straight 
unerring course during runs; and it relieves fatigue | 
spelling the human pilots whenever desired. Through it; 
operating efficiency and separate control system, the A \} 


auto-pilot has many times been able to bring bombers sa; 





N 


oat ly back to base after part of their main controls were s 
[-] out of action. 
= Despite the accuracy and effectiveness of present equ ) 
=| INSTRUMENTS ment, ATSC development continues, for only constant re.| 
=f search and improvement will maintain superiority over 4 
iz ingenious enemy. 
INDUSTRIAL THERMOSTATS . 
bE THERMOMETERS as ciemiaaiaaaiblias 
HYGROMETERS . 
| LABORATORY Line Tests on Magnesyn Systems | - 
i THERMOMETERS a gnesyn oyste B : 
RECORDING By M. J. WIGGINS, USN Air Station, Vero Beach, Fla. | ° 
8s THERMOMETERS PSYCHROMETERS * 
MARINE SPECIALTIES ETC., ETC. O obtain an accurate check on a Magnesyn Remot | . 
indicating Compass System the following should he} * 
known: = 


7 7 Y e a r 5 & f (1) Zero setting of indicators, 


(2) Inverter output, and 


} 
DEPENDABILITY (3) Friction error of transmitter and indicators. 





The three units shown in the photograph were built fro: 
The lasting accuracy, ruggedness and ofher available material to obtain this information as simply and 
distinctive features of Moeller instruments quickly as possible under heavy flight operating conditions 


are the result of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid gless etched stem, 
mercury thermometers (nitrogen filled) for determining 
temperatures within a fractional part of a degree. 


eeeeeseeecaoeseeee ee eee 


Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with “Moeller Glass Red Reading Column’ 
afford optimum ease in reading. 





Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of “Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape cese with 
gless front furnished in wide variety of forms such as: 
Straight Stem (see illustration above), Angle Form Types, 
Handle-Top Thermometers for use in food processing, ge!- (1) The first point, zero-setting, is checked with the unit | 
vanizing, etc., etc. which resembles a Cannon plug. Its construction is shown 
in the sectional drawing: it consists of a 4-prong Cannon 
plug with a steel tube attached to form a tee. This tube 





Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells—machined from solid bar stoek. 


; 

{ 

| 

DIAL and RECORDING : ies | 
THERMOMETERS ~§ 38> Se 


Made to strictest standards of pre- 





cision, these mercury filled instru- 
ments ere calibrated for ranges up od es Sa mer esipemen ee z Wrwcccae) Ny 
to 1000°F. or equivalent. Square and al 
round cases available. Metal and y Lt 
hed lll | 


ARE SET 













PLASTIC 
CAPS 


Phenolite cases. 
WASHER BENT & 








* SOLDERED TO 
STEEL TUBE } 
AN- 3106-14S-25 
Write for catalo CANNON PLUG | 
a AL with ATTACHING 
NUT REMOVED | 








MOELLER SINCE 1667 = 
INSTRUMENT COMPANY 


{32nd STREET and 88th AVENUE 





. serves as a handle and as a holder for the “penlite’” cel 
RICHMOND HILL WEW YORK which furnishes the necessary voltage. The tube is cappe: 
Sales Representatives in Principal Cities on each end with small plastic caps such as come on nev 











aircraft spark plugs: In use, this unit is plugged into a) 
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| Alnor VELOMETER 








the direct reading 
air velocity meter 


7eeseeseeee eee se 


: Air speed in feet per minute is read directly and instantly 
t fron on the scale of the Alnor Velometer. Anyone can use this 


simple instrument—there are no calculations, no leveling, 
ly and no timing, and no conversion tables. This convenient 
litions. instrument allows quick checking of draft, leaks, velocities 


at air conditioning outlets, and any other air movement. 
Quick, accurate air velocity measurements give a valuable 
check on efficiency of equipment. 


The Velometer is made in several standard ranges from 
20 fpm to 6000 fpm, and up to 3 inches total sressure. 
Special ranges available as low as 10 fpm and up to 25000 
fpm velocity and 20 inches pressure. Write for bulletin 
with complete data. 


ILLINOIS TESTING LABORATORIES, INC. 


420 NORTH LA SALLE STREET 
CHICAGO 10, ILLINOIS 


@®eeeeeoecaoeeeeeev eee © 
























e unit | 
shown | 
unnon 
tube 
: 
$-2¢ Brings counter close to coit 
wE | for precision winding at high 
ACHING speed with reduced fatigue of 
ae \ operator. Counts to 10,000 turns 


per minute. Quick one-moiion re- 
set. Heavy duty construction and 
precision assembly with gears hobbed 
on own shafts for vibrationless opera- 
tion and accurate reading at high speed. 
Prompt deliveries. Catalog on request. 


i} Production J, C. 

pper P ro uction nstrument ompany 
nev 702 W. JACKSON BLVD. CHICAGO6, ILL. 
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Manufacturers of Counting, Timing and Recording Devices 











VALPEY 


CRYSTAL 
CORPORATION 


























OPTICAL SPECIALTIES 


Supplying the Armed Forces is our job. The follow- 
ing improved high-quality products are available 
for advanced delivery dates to the instrument man- 
ufacturer, to help facilitate this war effort. 





@ Babinet Compensators: the device to be used 
in measuring the qiantity and quality of strain 
in glass and for measuring types of polarized 
light. 


@ Retardation Plates: thin quartz plates for pro- 
ducing phase differences of the various wave 
lengths of light. 


@ Polished Crystals: special quartz crystals for 


supersonic applications. 


@ Bertrand Plate: a split phase quartz plate for 
more accurate determination of plane of the 
optical axis and the x-axis than can be accom- 


plished with a single polariscope. 


Look ahead ... but look to VALPEY for 
crystals and specialties in quartz fabrication. 








See us first when problems arise in the use of quartz. Our facilities, 
geared to war, will be equally well geared for peace. Our business 
. just send us 


is to apply the correct solution to your problem . 
specifications and requirements. 
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T How to ae 


IREDUCE | 
lll Size and Weight _|\i 
l or INCREASE I 


the Action of | 


: THERMAL 
. CONTROLS 


CG ionl elements made of Chace 
Thermostatic Bimetal No. 6650 may be 
made 40% smaller than like elements 
made of any other known bimetal and 
still give you the same thermal deflec- 
& tion and spring rate... thus your entire 
control may be designed to occupy a 
smaller space and weigh less, without 
sacrificing thermal action. 











=@= 





—_—-~ 





Or you may increase the thermal deflec- 


tion of any given size element at least 
40% by substituting Chace No. 6650... 
thereby increasing the sensitivity with- 
out increasing the size of your thermal 


control. 


Chace Thermostatic Bimetal No. 6650 
offers:you a decided advantage in thermal i 
deflection, a higher spring rate per °F., 
and a high degree of electrical resistivity ] 


... If you are interested in reducing the 


size or weight, or increasing the action of T 


a set size of thermal element, send for 
Bulletin No. B-145 which gives complete I 
information concerning this most ex- 
ceptional thermostatic bimetal. 


wu CHACECo | 


Thermostatic Bimetals and Special Alloys _ !))) 


—— 


= 1609 BEARD AVE + DETROIT 9, MICH. = 


=® 
— 
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PLUG 


*PENLITE’ 
CELL 


ZERQ-SET HOOK-UP 


indicator, which should read exactly “North.” If the indi- 
cator reads off, it should be replaced as this error would 
appear on all headings. 

(2) To determine the inverter output under full load, the 
tester shown is built from a salvaged a-c. voltmeter of the 
repulsion-vane type. The voltmeter was originally used in 
800-cycle aircraft radio-power supply and had a 120-volt 
range. The series resistor is removed and a lower-value 
resistor substituted to obtain a full-scale deflection of about 
30 volts. The dial is then marked with an “OK” sector at 














. CALIBRATING 


RECEPTACLE RESISTOR ("CA0ER", 


INVERTER VOLTAGE TEST HOOK-UP 


26 volts = 10% at 400 cycles. (For 52-volt 800-cycle com- 
pass system, mark accordingly.) The voltmeter is then 
fitted with a lead cord which is attached to a male and 
female Cannon connector as shown in the diagram. 

For an inverter test in the plane, remove the Cannon 
plug from the compass indicator and attach it to the male 
connector of the test voltmeter. The female plug is then 
connected to the indicator. Turning on the inverter will give 
a reading on the test voltmeter, this reading being the in- 
verter output under full load. If the reading is out of the 
tolerance limits, replace or repair the inverter. 

(3) Friction error and general operation of the system 
can be checked with a permanent magnet. The magnet 
shown at the left in the photograph was removed from a 
salvaged Selsyn fuel quantity transmitter assembly and 
fitted with a file handle. By moving the magnet around the 
transmitter, the operation of the indicator may be observed. 
Upon removal of the magnet the indicator should return 
to the original heading. The amount the indicator is off 
from the original heading is an indication of the friction 
error and should be within the limits of the current Techni- 
cal Orders. Some indicators can be displaced (with power 
off) with the magnet by rotating the magnet about the 
face of the indicator. When power is applied, any friction 
error apparent will then be in the indicator alone. 





ELECTRON TUBE PRINCIPLES 
Continued from page 15 
at a positive potential with respect to the cathode, thus 
accelerating the electrons which pass through the grid. On 
emerging from the second aperture in the first grid, the 
electrons are traveling in practically parallel straight-line 
paths. The electrostatic fields set up by the potentials on 
anodes Nos. 1 and 2 form an electron lens system, com- 
parable to an optical lens, which makes the electron paths 
converge to a point at the fluorescent screen in much the 
same way that a glass lens bends parallel rays of light to 
a point focus. Focusing of the electron beam is accom- 
plished by varying the potentials on the anodes, the po- 
tentials in turn determining the strength of the electro- 
static fields. In practice, the potential on the second anode 
is usually fixed while that on the first anode is varied to 
bring the beam to a focus. For this reason the first anode 
is usually called the focusing electrode. In some tubes a 
second grid is introduced between the control grid and the 
first anode to provide additional acceleration of the elec- 
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Fast. Reliable Source for 
INDUSTRIAL ELECTRONIC 


INSTRUMENTS 


~| MEASUREMENT, 
| INSPECTION, 
. TESTING 

|| AND CONTROL 









TESTERS ale ag © 
OSCILLOSCOPES ~~ % eo 
DECADES 
BRIDGES 
METERS eAllied’s concentration of leading 
ETC. makes under one roof means you can ob- 


tain the type of instrument you want... 
in the shortest time possible. This spe- 
cialized service simplifies procurement. 
Such well known makes as RCA, 
Dumont, G. E. Industrial Instruments, 
Hickok, Radio City,Triplett, and others. 
Many on hand for immediate delivery. 
Write, Wire or Phone Haymarket 6800. 


Helpful 
BUYING 
GUIDE 


Available 
on Request 


Write for it! 


- ALLIED RADIO CORP. 


833 W. Jackson Bivd., Dept. 28-A-5, Chicago 7 





MISS IS AS GOOD AS AMILE 


Tas adage applies to heat and pH 
control in industry as much as 
it does to warfare. For ACCURATE heat 
or pH control there is nothing to equal 
potentiometers. 
Potentiometers are only as accurate as 
the standard cells within them. That's 
why most of these instruments, for 25 
years, have been equipped with EPLAB 
Standard Cells. The latter were the first 
commercial cells of their type on the 
market and have made mass production 
compatible with uniformity in many fields. 
Practically all our production is devoted ff 
to this one product. 


THE EPPLEY LABORATORY, INC. , 
SCIENTIFIC INSTRUMENTS 


NEWPORT, RHODE ISLAND, U.S.A. 


EPLAB Standard CELLS 


FOR POTENTIOMETRIC INSTRUMENTS 
"AS STANDARD AS STERLING" 















When You 
Get DoALL Blocks 
They've Got Their Growth! 


Any dimension for any pur- 
pose can be set up as a 
special gage in a jiffy with 
DoALL Gage Blocks and 
accessory instruments engi- 


neered for them. 


Write for your new Quality Control Book 


Band Band 


ContourSawing Band Filer Sat Variable Speed 
\ 


Surface Grinders 


* ulleys . : 
ae (et)® 
| eae fe 
nf / Sabi OMsSIER oe 


CONTINENTAL MACHINES, INC. 


Manufacturers of DoALL Contour Machines and Surface Grinders 
Offices in Principal Cities 


1368 S. Washington Ave., Minneapolis 4, Minn. 
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NEW STEWART-WARNER REPORT ON 
ELGIN sappPHiIRE PLUG GAGES: 


SAPPHIRE 


OUTWEARS STEEL. 


MORE THAN 


S50 to Ll 





TILL they never wear out... these Elgin Sap- 
phire Plug Gages in use at a Stewart -Warner 
plant? 


The one which has been used over the longest 
period has already delivered the incredible total 
of 110,000 gagings on forged steel parts . . . and 
still shows no wear! Steel plug gages, formerly 
used on the same kind of parts, averaged only 300 
gagings each. 

No wear allowance is necessary with Elgin 
Sapphire Plug Gages. They won't rust, burr or 
become distorted with use. And ordinary chemi- 
cals will not corrode their contact points of sap- 
phire, a,material nearly as hard as diamond. 

Elgin Sapphire Plug Gages are available in 
sizes from .040” to .400” and with tolerances as 
close as .00002”. Write for prices and information. 
ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVAN- 
TAGES FOR THE FOLLOWING TYPES OF EQUIPMENT: 
Ring Gages « Bearings + Thread Guides + Extrusion Dies - 
Gages «+ Knife Edges * Spray Nozzles + Diesel Injector 
Nozzles + Soft Wire Dies - Phonograph Needles + Cutting 
Tools for soft metals + Burnishing Tools for soft metals + 
Pressure Vessel Windows + Electrical Insulators * Watch 
Crystals « Honing Stones. 


America’s best equipped sapphire fabricator 


ELGIN NATIONAL 
WATCH COMPANY 


Sapphire Products Division 
932 Benton Street, Aurora, Illinois, U. S. A. 
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trons. Sharpest focus is obtained when the electrons have 
high velocity; for this reason relatively high potentials are 
common. The currents to the anodes are very small, how- 
ever, usually not over a few milliamperes, so the power 
required is negligible. 

With zero potential on the deflecting electrodes and, when 
properly focused, the beam from the gun simply produces 
a luminous spot at the center of the fluorescent screen. 
If a potential is applied to either or both sets of deflecting 
plates, the beam of electrons will be bent and the lumi- 
nous spot will move to some other point on the screen. If the 
potential on the deflecting plates is varied rhythmically at 
a rapid rate, persistence of vision will make the moving 
spot appear as a line, straight or curved, depending upon 
the relative strength and phase displacements of the po- 
tentials on the electrodes. 

In use, one plate of each pair is usually connected to 
the second anode to establish the polarities of the field 
with respect to the beam and to each other. 

Cathode-ray tubes intended for magnetic deflections are 
similar to the one shown in Fig. 240 except that the de- 
flecting plates are omitted. Instead, the deflecting fields are 
set up by means of electromagnets. The magnets are ex- 
ternal to the glass envelope but are mounted as close to 
the tube as possible and in the same relative positions oc- 
cupied by the electrostatic deflecting plates. Four magnets 
are ordinarily used, two sets at right angles with their 
axes running through the center of the tube. 

The amount of the electron beam is deflected by a given 
change in field intensity is called the ‘deflection sensitivity” 
of the tube. With electrostatic deflection it is usually ex- 
pressed in millimeters per volt, which gives the linear 
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Fig. 240. A typical low-voltage cathode-ray tube. 


movement of the spot on the screen as a function of the 
voltage applied to a set of deflecting plates. Values range 
from about 0.1 to 0.6 mm. per volt, depending upon the 
tube construction and the gun electrode voltage. 


Principle of Gas Focusing 


Mention has been made of gas focusing. This method is 
not used very much in present-day tubes because focusing 
problems have been overcome by proper electron gun de- 
sign; the method, however, is of interest. In gas focus- 
ing, argon gas at pressures of 10° to 10-3 mm, of mer- 
cury is introduced into the tube. This gus serves two 
functions: first, the positive ions produced by the electrons 
moving through the gas neutralize the negative charges 
that tend to accumulate on the tube walls and might 
produce undesired deflections of the electron beam. Sec- 
ondly, it serves to focus the electron beam in the follow- 
ing manner: As the electrons move toward the fluorescent 
screen, some of the atoms lying in the path are ionized 
by collision. The positive ions so produced receive little 
acceleration from the impact by reason of their great 
mass and so they remain relatively stationary with the 
beam. The electrons produced by the collisions drift ra- 
dially outward very rapidly because of their light mass. 
As a consequence, a column of positive ions extends down 
the length of the tube and this produces a radial electric 
field, the direction of which is such as to direct the elec- 
trons tending to stray away from the center of the beam in- 
ward toward the axis. This offsets the natural repvlsion 
of the electrons for one another and produces a sharp, 
well-defined spot on the fluorescent screen. The life of 
gas-filled tubes is short compared to the vacuum type, 
however. The bombardment of the cathode by the massive 
positive ions slowly causes it to disintegrate to the point 
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DouBLE 
Hae 
THERMOMETERS + THERMOSTATS ~ RELAYS 
THERMO-REGULATORS - HYDROMETERS 


GAGES 
DRAFT. 







THIS 
DRAFT 
GAGE 


You know exactly how much 
draft—when you look at the 
Hays Draft Gage; exactly—not 
approximately. 


Amazingly tough yet soft and 
pliable, the colon leather dia- 
phragm withstands. constant 
flexing, yet sensitively records 
.0025 inch water. It lasts indefi- 
nitely—no effects from sudden 
overloads. 

Its dependable accuracy 
quickly established the Hays 
Draft Gage as the standard of 
performance—it was the first of 
the dry type gages. 

Write for Bulletin 43-667— gives 
you complete information. 


AYS CORPORATION 
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WHEN PLANNING vo build new 


machinery and equipment... or 


es 

\ 

to improve old models .. . be sure \ 
\ 


. 


to get full information about Para- 
gon Automatic Time Controls. 
These instruments, when built into \ 
numerous types of equipment, save 
time... multiply human output... \ 
reduce errors...increase efficien- \ 
cy ...and lower costs. They can 
improve the salability and useful- \ 
ness of innumerable products and | 
help meet postwar competition. 
HUNDREDS OF APPLICATIONS—Some 1 
of the numerous applications of | 
timers are: Protecting component 
parts, such as electronic tubes... 1 
Automatically turning air condi- ; 
tioning units on and off... Se- 
quence Timing...Laboratory Test- | 
ing... Conveyor Control... Light 
Exposure... Heat Treating... Pump l 
Operation...Machinery operation | 
... Plastic Molding ...Time delay 
on pump back spin...Controlling | 
pre-heating schedules. 
ASK PARAGON ENGINEERS . . . about 1 
the application of time controls to | 
your problem. Since 1905 these 
engineers have designed, manu- | 
factured and field-studied the op- { 
eration of industrial timers, time 
switches, time delay relays and I 
interval timers. They will study | 
your problem and make recom- 
mendations without cost or obli- l 
gation. | 


PARAGON ELECTRIC COMPANY | 
726 Old Colony Building 
Chicago 5, Illinois 
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SIGMA SENSITIVE RELAYS 


ASSURE LF bd? vont not 





oSi22258R29° 





Designed by 


Arthur T. Hatton & Co. of Hartford, Conn. 
| 


i 


| 


| 
This Electronic Motor Controller em- 
ploys Sigma Relays in pre-adjusted 
timing circuits. | 
Applied to a stationary motor, it pro- 
vides reliable control from an over 
head crane... by way of a beam 
of light. 

Many similar installations are suc- 
cessfully operating today . . . have 
you a problem which requires pos- 
itive control? 





Perhaps Sigma Relays 

; | 
will help you solve a 
difficult control problem. 





Sioma Instruments, 1x¢. 
sche <td 


60 CEYLON ST., BOSTON 21, MASS. 
| 





} 








| 
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where its emission falls so low as to render the tube use- 
less. Also, gas-filled tubes present different degrees of 
sensitivity with different voltages and tend to become un- 
stable during operation from changes in gas pressure. 
In short, the disadvantages of gas focusing are many and 
for this reason the method has been almost entirely super- 
seded by the more modern electron gun arrangement pre- 
viously described. 

The operation of the high-vacuum cathode-ray tube gives 
rise to an accumulation of undesirable negative charges 
on the inside of the glass envelope which, if they are not 
symmetrically distributed or removed, may cause spurious 
deflections of the electron beam. In the high-vacuum tube 
there are, of course, no positive ions to neutralize the 
negative charges. 

Of course, if the negative charge is uniformly distributed 
on the inside surface of the tube, the resulting field will 
be symmetrical and the electron beam will not ‘be deflected. 
As a matter of fact, such a symmetrical charge aids in 
focusing the beam since any electron that moves off the 
beam axis is repelled by the field and will be deflected 
back to the beam. ; 

The luminosity of the cathode spot is reduced by the 
repelling action of the surface charge of the screen and 
for this reason methods have been developed to effect the 
removal of the surface charges. One method is to coat the 
inside of the tube with a conducting material such as 
graphite and then electrically connecting this conducting 
surface with the second anode. Sometimes the second anodé 
itself is dispensed with and the conducting surface on the 
inside of the tube used as the final accelerating electrode. 


Cathode-ray Tube Circuits 
The electrical connections for a cathode-ray tube are 
shown in Fig. 241. One plate of each pair of deflecting 
plates is connected to anode No. 2. Because of the high 
potentials used in the operation of cathode-ray tubes, the 


ANODE NO2 \ 





NPUT VOLTAGE 


'NPUT VOLTAGE 
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Fig. 241. Electrical connections for a cathode-ray tube. 


positive terminal of the direct-current supply is usually 
grounded. This places the common deflecting plates at 
ground potential. As a consequence of this method of con- 
nection, the cathode and other elements are at high po- 
tentials above ground; hence, these electrodes must be well 
insulated. The required d-c. voltages are obtained from a 
voltage divider across the high-voltage d-c. supply as 
shown. The negative bias on the control grid is adjusted 
by voltage-dividing resistor R3. This, as already explained, 
varies the beam current and hence the intensity or bright- 
ness of the cathode spot. It is called the intensity or 
brightness control. Voltage-dividing resistor Ry which 
changes the ratio of the voltages on anodes Nos. 2 and 1 
regulates the focus of the beam and therefore the sharp- 
ness of the cathode spot. To a certain extent, the focusing 
and intensity controls are interlocked—variation of one 
affects the other slightly. Sharpest focus is obtained when 
the beam current is low. 

The input voltages for the two sets of deflecting plates 
are applied across resistances R; and R2 which, usually, 
are of the order of a megohm or higher. Their purpose is 
to drain off any accumulation of charge on the deflecting 
plates. Provision is often made for placing an adjustable 
d-c. voltage on each set of deflecting plates so that the spot 
can be centered when stray electrostatic or magnetic fields 
are present. The adjustable voltages simply neutralize such 
fields. 
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WANT TO MEASUR 
AIR VELOCITIES... 


For velocities of 300 feet per minute or 


*w MR 


less the “‘Princo”’ Kata Thermometer offers 


the advantages of accuracy, simplicity and 


low cost. It is especially effective for veloc- 


ities under 100 feet per minute, so difficult 


to measure accurately by ordinary methods. 


WRITE FOR SECLE Tem “a 





PRECISION 


THERMOMETER & INSTRUMENT COMPANY 


1437 Brandywine Street, Philadelphia 30, Penna. 


PRECISION INSTRUMENTS FOR INDUSTRY 


for DIRECT 


OXYGEN 


The FYRITE Oxygen Indicator employs the 
time-tested fundamental FYRITE principle 
of chemical absorption. It is simple, fast, 
accurate—requires no setting-up; has no 
valves, clamps, or leveling bottle to manip- 
ulate; makes complete oxygen test in 40 
seconds with accuracy within 4 of 1% Oz. 

The FYRITE is ideally suited for checking 
oxygen content in process gases, heat-treat- 
ing atmospheres, hydrogen-cooled gener- 
ators, and in the nitrogen over the oil in 
large transformers. It is indispensable for 
determining combustion efficiency where 
mixed fuels of differing hydrogen-carbon 
ratios are fired together. For complete data 
on FYRITE Oxygen Indicator, send for 
Leaflet 700. 


CO, INDICATOR designed on same principle 
ALSO AVAILABLE. Write for Bulletin 341. 


BACHARAC 


INDUSTRIAL 


ANALYSIS 


INSTRUMENT CO. 
7000 BENNETT ST., PITTSBURGH 8, PA. 
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$94.50 COMPLETE 
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WEIGHING | 
MEASURING 
COUNTING — 
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Take advantage of the experience of Streeter-Amet 
. who, since 1888, have specialized on in- 


dustrial weighing, measuring, and counting machines 
They have built up a vast fund of detailed “know how” 
and ‘‘know why” gained through designing, manufactur- 
ing and servicing instruments for a variety of purposes. 
They will study your problem and make recommendations 
without cost or obligation. Here are a few of the Streeter- 
Amet Instruments 


AUTOMATIC WEIGHER 


Type NT Automatic Weigher auto- 
matically prints the weight of cars 
in motion. Eliminates human errors 
in weighing. May be attached to 
any railway track scale. No capital 
investment. 


TRAFICOUNTER 


A “‘lightning fast’’ Automatic 
Counter of motor traffic. It consists 
essentially of a pneumatic detector 
connected with an electri-counter 
which automatically records ve- 
hicles running over the detector. 
Widely used by city, county and 
state highway departments. 


TENSILE TESTER 


A simple, fast, accurate tensile 
strength tester for veneers, thin ply 
woods and spot welded metal. No 
special preparation of specimen or 
training of operator required. 


STREETER-AMET COMPANY 
4097 North Ravenswood Avenue « Chicago 13, Illinois 


Automatic weighers, recorders, scales, counters and services. Founded 1888 
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Positive. 
Dependable 
Repeat 
Readings 
Made in 4 Sizes 





Complete elimination of friction, lag, and back- 
lash insures positive, dependable, repeat read- 
ings. Pointer responds instantly to the slightest 
movement of measuring tip; no swinging past 
true reading, no waiting for pointer to come to 
rest. No lights or electromagnets, no warm-up 
period required. No electrical connections, can 
be readily moved to different locations. GRAD- 
UATED: .0001” to .00001”; .00!1 mm to .0002 mm. 


Write for Circular—tI 








SWEDISH GAGE CO.,.OF AMERICA 


8900 ALPINE AVE.. DETROIT 4, MICH. 








VAR ~ ET ZA 


EXPORT DIVISION: 13 EAST 40th STREET, MEW YORK 16, HY. CABLES: “ARLAR™ 


NEW YORK 13, N.Y 





x 
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ELECTRIC GAGING METHODS 


Continued from page 11 
. 


tial. Systems of this kind should employ resistance-ratio 
elements—it is advisable occasionally to incorporate all four 
arms of a bridge circuit in the pick-up head. If the initial 
resistances of all the arms of the bridge circuit are made 
equal, and if they are all made of the same material, a high 
degree of temperature compensation will result. It is essen- 
tial that their mechanical mountings be made similar; other- 
wise differential thermal strains will affect the several arms 
of the circuit, and the compensation will be impaired. 

Most strain-sensitive resistance gaging elements are used 
for measuring strain, or some magnitude which has been 
converted into a strain. It is necessary, in such a measure- 
ment, to provide some satisfactory method of imparting the 
strain in the specimen to the gage material. In many appli- 
cations this is accomplished by attaching the gage directly 
to the specimen with an adhesive material, so that the two 
are compelled to act mechanically as a single unit. The 
requirements imposed on the adhesive in such an application 
are rather severe: it must transmit a shearing force un- 
diminished from specimen to gage, and it must continue to 
do so over long periods of time despite changes in tempera- 
ture and humidity. Adhesives have been especially devel- 
oped for this application, and when they are carefully used 
they give satisfactory results in most applications. 

It is obviously necessary that the electric circuit possess 
a degree of stability as high as that of the primary element, 
or higher. The procedures and techniques for obtaining such 
stability have been treated elsewhere. For convenience in 
reference, however, two typical circuits for providing con- 
stant exciting energy have been given (see Fig. 82); no 
deflection bridge circuit or series circuit can be more stable 
or more accurate than its source of exciting energy. 

Since the equipment employed in electric gaging practice 
is often used in circumstances entirely foreign to the lab- 
oratory, errors may occur from causes not ordinarily con- 
sidered. When the different parts of such a circuit are placed 
at points at which temperature differences occur, thermo- 
electric currents may be produced which will disturb the 
balance of a d-c.-excited bridge circuit. With care in selec- 
tion and arrangement of materials, this may be made a 
negligible source of error or instability. It must be remem- 
bered, however, that such potentials may occur when no 
difference in composition of material is present (the ther- 
moelastic effect) .°"! 

Another source of instability and error, peculiar because 
it is a short-time effect exclusively, is the production of 
electromotive forces between two dissimilar metals both at 
the same temperature.*'? This phenomenon is not well un- 
derstood, but it is known that such electromotive forces are 
produced by relative motion of the two materials, and that 
the magnitude of the potentials depends upon the position 
of the metals in the electromotive series. This effect has 
been known to cause difficulties in self-balancing systems, 
especially when subjected to vibration. It, also, is eliminated 
by careful mechanical design and selection of materials. 

The long connecting leads required in some applications 
provide another source of instability. While their resistance 
effect can be taken care of, electric currents induced in 
them if they run through alternating electromagnetic fields 
sometimes cannot. Under ideal conditions, the presence of 
a small amount of alternating current in a d-c. bridge cir- 
cuit need cause no error, excepting due to difficulty in bal- 
ancing which may obscure the sharpness of the balance. 
But in the practical circuit it is not uncommon for rectifi- 
cation to take place at points of imperfect contact, and for 
the resulting direct current to upset entirely the operation 
of the circuit. 

The effects just mentioned require consideration espe- 
cially in systems employing strain-sensitive elements oper- 


(211) F. Lichtenberger, Kinwirkvng elastischer Syannungen auf 
die Thermokraefte. Luftfahrtforschung, Vol, 14, 1937, pages 26-35. 

(212) J. B. Seth, B. Gulata, and S. Singh. Electromotive Forces 
Between Two Metals in Relative Motion. Philosophical Magazine, 
Vol. 12, 1931, pages 409-429. 
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NO LOST TIME 
FOR Kecouverstou 






These Controls Are Ready 


Practically every Ward Leonard Product used 
for war purposes required little or no equip- 
ment change from prewar operation. Again 
the changeover will be made for peacetime 
use without delay as there is no need for re- 


RESISTORS 


29 @ 


conversion. The products are the same except ee 

for specifications and will be made by the 

same workers and same machines. You will oy 
save time and money and be assured of war- . ~ 


tested units, by making your selection from 
the Ward Leonard line. Send for bulletins. 


_ WARD LEONARD 


RELAYS + RESISTORS - RHEOSTATS 


Electric control (wl) devices since 1892. 


WARD LEONARD ELECTRIC CO., 38 SOUTH ST., MOUNT VERNON, NEW YORK 


RHEOSTATS 











EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-25 Ibs. to 0-10,000 Ibs. 


8/2” Dial....-. -.... 126.50 
See 
16” Dial..... a 


IN COLLABORATION WITH THE H. EMERY COMPANY 





STANDARD 


PRECISION TIMERS 





THE MOST ACCURATE AND 
RUGGED INSTRUMENT FOR 
INDUSTRIAL TIMING 


























Model Reads Totalizes |ACCURACY | Net Price 
S-100 | 1/5 sec. 6000 sec. | +.02 sec. $38. 
S-60 1/5 sec. 60 min.| +.02 sec. $38 
S-10 1/10 sec. 1000 sec. | +.02 sec. $38 
S-6 1/1000 min. 10 min.| +.02 sec. $50. 
S-1 1/100 sec. 60 sec. | +.01 sec. $50. 
MST 1/1000 sec. 6 sec. | +.001 sec. $80 
SM-60 | 1/100 min. 60 min.| +.02 sec. $38. 























Write for Bulletin 130 


Please mention this publication when writing 


THE STANDARD 
ELECTRIC TIME CO. 


Founded 1884 
SPRINGFIELD 2, MASSACHUSETTS 





January 1945—Instruments—Page 39 


| 











-. 7. ee. oe oe eB ee oe 


Whirrors + Reflectors 


EXCEPTIONAL REFLECTIVITY 


° 
PERMANENT CHARACTERISTICS 
° 
FRONT OR REAR SURFACE 
° 
OPAQUE OR SEMI-TRANSPARENT 
° 


CLOSE TOLERANCES OBSERVED 
Prompt service in any sizes or quantities 


Samples upon request. 


ZENITHH ussonstony 


123 WEST 64th STREET, NEW YORK 23, N. Y. 











DEW POINT TESTER 


This R.S.Co. dew point 
tester is accurate within 
0.2°F. even on high pres- 
sure gas transmission lines. 





With this dew point tester it is possible to 
determine the dew point of gases under 
the conditions of pressure as they are found 
to exist; and, dew points can be accurately 
determined with safety at high pressures. 


Write for Bulletin 


LABORATORY APPARATUS 
STRUMENTS. 


THE REFINERY SUPPLY CO. 


SCIENTIFIC 1 


* TULSA 3, OKLA . 
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ating at low levels. With other circuits providing greater 
outputs, these effects ordinarily are negligible. 


§9. ACCURACY. 

The accuracy of an electric gaging system can never be 
of a higher degree than its short-time stability; if the sen- 
sitivity of the system changes or if its zero drifts during 
a measurement, error is inevitable. But the long-time sta- 
bility may be poor—that is, there may be a continuous slow 
change of sensitivity or of zero setting—and yet the accu- 
racy may be high over any particular short period. It is only 
necessary to make frequent checks on zero setting and on 
sensitivity value and apply suitable corrections as required. 
Such corrections may be factors noted down to be used in 
computation, or changes in instrument setting. 

Often it is possible to install a gaging system in such a 
manner as to allow all measurements to be made as differ- 
entials; zero drift then may become no more than a source 
of annoyance. 

The percentage accuracy of systems employing moving- 
contact-gaging elements may be made high, since these ele- 
ments may be made to provide high output, and thus be 
freed from the errors caused by small instabilities. Their 
long-time calibration is usually good. Careful design and 
construction, with the use of bridge-type or potentiometer- 
type circuits, and with the primary elements of the resist- 
ance-ratio form, will eliminate most of the errors in such a 
system. It is a most interesting fact that devices of this 
sort are among our best, and have been for many years. 

The accuracy of the Wheatstone, Carey-Foster, Kelvin or 
other bridge circuit, when used in a null manner, depends 
upon these factors: the accuracy of the calibrated stand- 
ards, the sensitivity of the indicating instrument, and the 
care exercised in operation—which includes the maintenance 
of the equipment, and especially the connections, to avoid 
contact troubles. It may be said, then, that the accuracy of 
these null methods depends primarily upon the standards 
used, providing always that the indicating instrument is 
sufficiently sensitive. 

It is not especially difficult to attain a sensitivity of one 
part in one hundred thousand, and an accuracy of one in 
ten thousand, with a d-c. bridge circuit using a moderately 
sensitive galvanometer. Such equipment is somewhat slow 
in operation and subject to disturbance from vibration. It 
therefore is common practice to employ amplifier systems, 
so that robust indicating instruments of low current sen- 
sitivity may be used. No error is introduced by an ampli- 
fier, if a null method is employed, unless the amplifier is so 
imperfect that it generates and introduces signals of its own. 

In some applications, servo-systems are employed to bal- 
ance the bridge circuits employed with variable-resistance 
elements. When such a servo-system is adjusted for optimum 
operation, there is a “dead zone” at the balance point. This 
dead zone may be made small by careful adjustment of the 
system. In a well-designed system, the dead zone should not 
be more than 4% of the scale range. (The magnitude of 
the dead zone is a function of the stability of the equipment 
and the care exercised in adjustment. Its presence is a 
symptom of imperfection of equipment; there is a dead zone 
in a manually balanced system, too, but it can be made much 
smaller by the exercise of the operator’s judgment.) 

When servo-systems are used to control forces—as in re- 
mote-positioning systems—it is convenient to impose a non- 
linear action upon the system, so that the restoring force 
increases very rapidly with departure from balance. Through 
this procedure the speed and the reliability of the system 
are increased, and usually the accuracy as well.?*® 

In any deflection method, the burden of the accuracy re- 
quirement is transferred to the indicating or recording in- 
strument, and the source of the exciting energy. (It is as- 
sumed that facilities are available for calibrating both cir- 
cuit and instruments.) 

When deflection methods are used for dynamic measure- 


(213) W. H. Gille and R. J. Kutzler. Application of Electronics 
to Aircraft Flight Control. Transactions American Institute of 
Electrical Engineers, Vol. 63, 1944, pages 849-853. 
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HARTFORD, CONN. 
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Hand Calibrated 
for Your 
Exact Needs 


The scales of Norton Instruments 
are hand drawn and hand cali- 
brated to meet your special 
requirements, thus assuring ac- 
curacy at every reading point. 


sapphire jewels. 


ee ee 


requirements. 


Send for our new catalog 


NORTON Flectrical Instrument Co. 


} 83 HILLIARD ST., MANCHESTER, CONNECTICUT 





| 





Furnished for both switchboard 
and portable use. Magnetically 
shielded. Hardened, specially 
ground pivots, supported by 


Norton has served the in- 
dustrial and marine fields for 
fifty years. Wherever accurate 
measurement of electrical 
units is called for, there is a 
Norton Instrument to meet the 





4 SIZES 
14 DIAL FACES 


Ames Dial Indicators have small and 
accurately made gear trains for indi- 
cating size variations as fine as 
.0001°. These highly sensitive gear 
trains are protected from damaging 
shocks by a simple shock-absorber 
which does not change their action 
Or appearance. 


Get acquainted with these popular 
shockless Indicators by ordering 
them with any dial numbering 
desired. 

Complete catalog on request. 


B.C. AMES CO. 


WALTHAM MASS... U.S.A 
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(ARON BON ai RLS, MMR EE EI LT RI EAR ORTEGA LEIS TORE NN BEF I 
THOSE WHO CANT AFFORD TO MAKE 
ERRORS IN MEASURING VALUABLE 
STORED LIQUIDS CHOOSE — 


ann 





LIQUIDOMETER Ziré feu 


“THEYRE ALWAYS DEPENDABLE 
100% automatic. 
No pumps, valves, or auxiliary units needed 
to read them. 
Models for either remote or direct readings. 
Accuracy unaffected by specific gravity of 
tank liquid. 
Approved by Underwriters’ Laboratories for 
gauging hazardous liquids. 

Write for complete details 


THE LIAUIDOMETER corp. 


—\ 


36-27 SKILLMAN AVE. *=LONG ISLAND CITY, N. Y. 





DILLON 


PRECISION DYNAMOMETER 
INDICATE TENSION DIRECT IN POUNDS! 













Weigh only 
8 Ibs. 4 oz., 
measure 8'/4” 
x 61/4"x3" 


9 capacities 
from 0-500 
ibs. up to 
0-20,000 Ibs. 








An ideal laboratory or field instrument for indi- 
cating tension or stress in cable, rope, castings, 
assemblies, many other mechanical setups. 
Thousands in use by leading plants. Fits into 
“tight” spots easily. Not injured by accidental 
overload. -Has safety glass cover and maximum 
hand. PRICED LOW. Immediate shipment. 


WRITE FOR INTERESTING BULLETINS 


W.C. DILLON & CO., Ine. cnckco ess: 
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ments, the current taken by the recording instrument ma 
no longer be small compared to the exciting current. Th 
relation given in Section 6 will no longer accurately de 
scribe the behavior of the circuit. If high accuracy is re 
quired, it is advisable to perform an experimental calibra 
tion, and provision should be available for checking th: 
sensitivity at frequent intervals. 

When the current drawn by the indicating or recordin; 
instrument is large, special precautions must be taken t 
insure that the exciting potential remains constant under 
all conditions. If a regulated supply is used, for example 
the regulation must act with sufficient rapidity to accommo- 
date changes produced by the dynamic phenomenon being 
measured. 

Since the resistance variations to be measured are ofte 
small—particularly with strain-sensitive primary elements 

the problem of making accurate measurements becomes 
more difficult. Some skill in the operation of such circuits is 
essential, if continued good results are to be obtained. Irreg- 
ularities in operation, symptomatic of inaccuracies, may not 
be recognized by inexperienced operators. 

In general, the highest accuracy with a resistance-type 
gaging circuit is obtained through the use of a bridge circuit 
having arms of fixed resistance values, an accurately con- 
trolled source of exciting potential, and a sensitive poten- 
tiometer as an indicating instrument.*'* Extremely high 
sensitivity, reliability, and accuracy may be secured with 
such an arrangement, although its operation is rather slow. 
More rapid operation, without too great sacrifice in accu- 
racy, may be obtained by employing an amplifying indi- 
cating system, with a carefully stabilized amplifier and a 
robust instrument. 

To be continued 

(214) L. H. Adams, R. W. 
struction and Properties of the 
Gage. Review of Scientific Instruments, Vol. 8, 1937, 


Garanson, and R. E. Gibson. Con- 
Manganin Resistance Pressure 
pages 230-235. 


C0. ontzolled 
Production 


on materials handling 
problems 


PRODUCTIMETERS 


installed on production machines solve one 
of industry's most important problems . . 
that of securing accurate count of every 
piece or part produced . . . daily or weekly 
totals . . . exact records for efficient sched- 
uling and control, maintenance and repair 
The Productimeter Line is complete . . 
designed to meet widely different pro- 
duction requirements. 
Rotary 

Top Drive BULLETIN NO. 100 
aconcise, ready reference catalog of 100 
standard models—sent at your request. 


j Our recommendations are backed by 
‘ over 64 years’ experience in the ex- 
clusive manufacture of counting and 


measuring machines. 


LINEAL 


DURANT MANUFACTURING COMPANY 


1914 N. Buffum Street 194 Eddy Street 
Milwaukee, Wis. SPECDOMETERS OF IND STAY Providence, R. I! 
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working tools, too, for laying-out, 
locating, scribing, checking work, as 
well as checking gages and mikes. 
Popular No. 1 Set of 81 pieces makes 
120,000 different size gages in steps 
of .0001, from .200 of an inch to more 
than 12 inches. Deliveries now within 
30 days. Write for catalog. Address: 
FORD MOTOR COMPANY, 






Certainly, a good mechanic will “feel 
his way” through a job with all the 
p accuracy it calls for. But he'll do it 
faster, with more sureness, more 
pride in the result and less worry 
ver possible errors if he’s got JO- 
BLOCKS to work with. The super- 
iccuracy of Johansson Gage 
Blocks (to .000004 or .000008) 
is positive insurance that your 
oarser tolerances of thou- 
sandths or “tenths” can be main- 
tained. And JO-BLOCKS are 


oS Tite “N Length| Width|Height 


Johansson Division, Dept. II, 
Dearborn, Michigan. 





GAGE BLOCKS 


umber 
1025- 1 12 6 6 


















































1025- 2 12 9 6 
1025- 3 12 12 6 
1025- 4 12 9 9 
1025- 5 18 9 6 
1025- 6 18 9 9 
1025- 7 18 12 9 
1025- 8 18 6 6 
1025- 9 18 15 9 
1025-10 18 12 6 











1025-11 18 15 12 
1025-12 18 12 12 
1025-13 18 18 12 





1025-15 24 15 12 
, 1025-16 24 15 15 
» 1025-17 24 18 12 
| 1025-18 24 18 15 
1025-19 24 18 18 





























11025-20 | 24 12 9 

y 1025-23 | 30 15 4 
1025-14 | 30 |' 15 12 

1025-22 | 36 12 9 

1025-21 42 9 9 











1025-24 42 


SPARE PARTS BOXES 


As per | specification 42B9(INT), for ship- 


board use, Electrical and Mechanical. Navy 











grey finish. Immediate Delivery. 


Teeyt: Siam sell latimees 


: 349° BROADWAY NEW YORK 




















At the snap-of-the-finger 
SOMCO will be ready to 
help you develop your 
postwar products... 


When our war job is done, everything will be in readiness 
for peacetime pursuits here at SOMCO. 


As soon as we get the "go ahead” signal, our facilities, 
our research and engineering staffs will switch to peace- 
time production—to help you produce better products 
for the optical industry. 


And, you may be sure that SOMCO products will embody 


_ the same quality, the same craftsmanship, precision and 


experience that won for us five Army-Navy citations. This 
means even finer precision optics than we produced before. 


Right now we are still working for 
Victory, but our sights are set on the 
future—your future as well as ours. 





BRING YOUR OPTICAL PROBLEMS TO SOMCO 


SOMCO products can play an important part in 
your New and 
SOMCO optical methods, new ideas, new prod- 
ucts, born of war experience, will be broadened 
for peace time use, far beyond their present 
military applications. Keep posted on SOMCO 
developments, SOMCO research engineers are always at your serv 
ice. Write us about your present problems or future plans. 


own postwar plans. improved 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVE., CHICAGO 24, -ILL. 


CAMERA LENSES © PRISMS 
SOUND OPTICALASYSTEMS 


. PROJECTION LENSES @ 
OPTICAL FLATS e 
AND LENS COATING FOR LOW REFLECTION 
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E | Flight-test Instruments 
[ Concluded from page 9 
PRECISION MOTORS automatic flight instrumentation. Thi; f . 
has resulted in our securing the max. 
- imum amount of flight research data 
for important per flight time, which is immediat = 
reflected as a material saving of ex. 
instrument 5 lications pense to the Corporation. If all or anyp 
pp part of these automatic flight instru. 
* mentation systems will assist othe 
it organizations in their flight researc} 
iii ~dinaailaiaes: ntitiads Wi i allan ithe at activities, we shall be most happy t ' 
ere built to Ale Forces specifications. ae cooperate in any way possible. 
They withstand wide temperature ee ee ee ae All prototype aircraft should have 
powered by small electric motors, 5 : : : 





ond pressure changes. Lignt in weignt complete and appropriate instrumenta. 


but extremely sturdy, they are de some tiny enough to be held in the , : 
signed for rigorous service palm of the hand. Their rating may tion on board for geet flight to record 
be as low as 1/2000 hp. data regarding all possible phases of 
TYPICAL APPLICATION Th ai te airplane flight, structural and dynamic 

: : ns I wee . 
A total of 176 fractional horse- , eee Sees eee characteristics for the purpose of eithe: 
‘ is dependent upon the quality of ; ree “ as 
power motors are used on the B-29 i dated It is . ial substantiating present design criteria 
Superfortress. Bodine manufactures a the driving motor. it 1s good judg- 


or presenting data by which new design 
theory may be formulated. By the con- 
tinuous use of appropriate instrumen 
tation during all experimental flight: 
i and by methods of statistical analys 
Bodine ra manufactured eed appropriate design criteria for produ 
et ta eg schaien +3 tion models may be rapidly established \ 
years. ciali in : . 
1 pene galas sn td Aircraft development during the exper 
the field of small motor construc- : 
. . ~ . imental stages as mentioned above, an 
tion. Bodine Electric Company, i ile -s eaaiiitthaaaditle 
1 ’ senel aanbanins oa satisf: a 
2244 W. Ohio St., Chicago 12, Il. ” arrears y . 


reports” from customers after the ir- 


complete line of aircraft accessory ment, therefore, to select a motor 
motors from a reliable manufacturer whose 
very name is a guarantee of su- 
perior workmanship. 




















planes have been placed in service, 
the most business-like manner of engi 
neering design, and this is the ultimat 
goal toward which all aircraft desig: 
and manufacturing organizations ar 
striving. 
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By using PYRO, a 5%) 
self-contained, DI- mall 
CT READING, $ 
sturdy unit made to 
stand rough use. It Calibr 
is absolutely accu- ft + 
rate and dependable, or Te 
and quickly pays 
for itself. Progre 
Unique construc- depen 
‘ : . tionenables operator 
. = — to rapidly determine OO! te 
temperature even on 
YOURS for SUCCESS minute spots, fast assemt 
‘ moving objects, or All 
in 1945 smallest stream; no an 
correction charts, pacito: 
4 no accessories, no 
Success in our fight for free- egg be ex- Conse 
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‘an and cin = . PSOUNDRY TYPE” actor 
ome. Merit transtormers wi and “Universal at rate 
be serving on both fronts... TRIPLE RANGE” 
have, in addition to Hardw 


in the weapons of our Army 


standard calibrated 








and Navy and in the develop- range, a red correc- ® " 
tion scale determin- 
ment of new products for post ing TRUE SPOUT 
war use. and POURING t “aaa 


PERATURES of 
molten fron and 
steel when meas- 
ured in the open. 
Stock ranges 1400° F. to 5000° F 
Write for Catalog No. 80 


Immediate Delivery for Defense Plants 


THE PYROMETER INSTRUMENT €0. 


MERIT COIL & TRANSFORMER CORP. faba eee tit een nw 


TELEPHONE 4 a Se ae son —— 
ominion ow eter Com bal 
4427 North Clark St. Long Beach 6311 CHICAGO 40, ILL. Torente and Montreal 
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® Accuracy at moderate cost. Three 
models are adequate for most labora- 
tory and industrial applications (1 °/,). 
Two models provide closer tolerances 
5%). Direct readings. Progressive 
small uniform steps. Three dials. 


Calibrated directly in capacitance readings, 
left to right. 


Progressive adjustment in .0! or .00I steps, 
depending on model. 


001 to 11.1 mfd. can be obtained by group 
assembly. 

All units with paper or mica dielectric ca- 
pacitors of highest quality and stability. 


Conservative voltage, accuracy and power 
factor ratings. Designed for continuous duty 
at rated voltage. 


Hardwood cabinet. Hinged cover. Snap lock. 








Industrial « 


Instruments: @ 


JERSEY CITY 5, N. J. 

















family of instrument rectifiers 


It’s a distinguished family, this Conant clan of 
instrument rectifiers. They have taken 
all the mystery out of the rectifier business. 
Over ninety per cent of all rectifier 
-t requirements are served by 12 types—4 basic 
assemblies in 3 series. These 3 series are 
the three members of the Conant family shown 
above. Special types, however, can be 
developed as needed, and you'll find Conant 
ready to cooperate. 
Conant rectifiers are available from stock for 
immediate delivery on priorities of AA5 or 
4 4 higher. MRO, CMP, V3 or MILITARY END 


USE classifications are recognized. 


wae 


If you have no priority: File form WPB 547 for 





ce, 


‘, your stock requirements. You'll be glad to 
\_ know this Conant family of rectifiers. They're 
doing a great wartime job. 







Snistiument Recli{frerw 
ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U. S. A. 








2017 Grand Ave., Kansas City, Mo. 
7935 Eustis St., Dallas 18, Texas 
4018 Greer Ave., St. Louis, Mo. 
1526 Ivy St., Denver, Colo. 


4214 Country Club Dr.,Long Beach7, Cal. 
4205 N.E. 22nd Ave., Portland 11, Ore. 
Caixa Postal 930, Sao Paulo, Brazil 
50 Yarmouth Rd., Toronto, Canada 


20 Vesey St., New York 7, New York 
85 E. Gay St., Columbus, Ohio 

600 S. Michigan Ave., Chicago 5, Ill. 
1215 Harmon Pl., Minneapolis 3, Minn. 
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METERS and CONTROL 
for Reiler Room 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
er standby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 


Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 





Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


Complete Information on any of the above Bailey 
products will be gladly furnished upon request. 
C 


x 


BAILEY METER 


e COMPANY -° 





1041 Ivanhoe Rd., Cleveland, Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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The Month’s NE 





In this department we report each month new devices for measurement, in- 


spection, testing, metering and automatic control—in the form of concise tech- 
nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company. 





Transmittance Photometer 
New . Transmission Photometer, for 
curately measuring light transmitted 
through = small areas of spectrographi« 


ac- 


plates, is said to be desirable for use 
wherever spectrographic analysis is em- 
ployed, also for  microcolorimetric and 





measuring 
tequiring 


analyses and for 
through solutions. 


microchemical 
transmittance 


a constant a-c. or d-c. power supply of 6 
volts, with approx. capacity of 30 amps., 
photometer comprises a light source, an 
optical system, a long-scale mirror galva- 
nometer, a photocell and a mechanical 
stage for accommodating the plate. Stage 
has a three-point ball-bearing suspension, 


directions. Control 
instrument facilitate 
focal adjustment and control of optical- 
system diaphragms and filters. Instrument 
is said to be exceptionally easy to operate 
because all adjustments can be made and 
readily from a_e single position. 
Special Products Div. General Electri« 
Co., Schenectady, N. Y. 


is movable in three 
knobs on front of 


seen 


Vacuum-tube Voltmeter 


New “Model 450 Vacuum Tube Volt- 
Ohm-Milliammeter” is said to incorporats 
many features which simplify operation 





time in production testing. A 
measures from 50 eps. to 50 M 
with input 
resistance of 
£ d-c. current ran 
from 50 ma. to 1 amp, in six ranges. T 
ohmmeter has 2% center-scale accura 
Single z for all a-c. and « 


overload Vv 


and 
voltmeter 
six d-c volt 
tance 2uuf. and 


hms ill rang 


save 


ige ranges 


Input 


cap 


ero adjustment 


ranges. Occasional excessive 


not damage instrument. Meter responds t 
average value of sine wave. Other f 
tures: one linear scale for all voltage 


} 


current scales; freedom from effects 
temperature and humidity: measures oh 
to 1,000 megohms without battery; batter 
used only for measurements below 
voltage - regulated supply provides 
operation; adequate storage 
in case for test probes and connectors 
Reiner Electronics Co., 152 W. 25th St. 
New York #- N. r. 


ohms ; 


stable ies 


Film-drum and Single-film 
High-speed Oscillograph 


New self-contained industrial cold-cath« 
oscillograph split-microseco 
phenomena, is designed for use by engine 
manufacturers, power companies and _ r¢ 


records 





record 
time, or two 


search laboratories. It can 
with respect to 
with respect to 
Cathode is energized from a 50-kv. d 
rectifier with a control to correct for li: 
voltage variation, Electron beam is normal 
blocked by a target; impulse synchroniz 


transients 


phenomena each othe 


with phenomenon trips relay which bens 
beam around target so that it will stri 
fluorescent screen or film below. New 


streamlined unit consists of oscillogra))! 
proper in front of cabinet which houses ll 
energizing and control circuits. Energizing 





we a al hc Ginetta 



























































































ting. A- 
70 50M 
it cap: 
ice of 

nt ran 
nges. T 
accura 
° and «¢ 
‘load y 
sponds t 
ther fe 
Itage ar 
»ffects 

Ires oh 
; batter 
elow 

provides 
ge sp: 
nectors 
25th St. 


a 


ilm 


ph 

d-cathod 
crosecond 
yy engine 


and re 





jormal 

Ironiz 

h bends 
il stril 
w. New 
logra))! 
uses all 
ergizing 








ninals are enclosed except one bushing to 

ree of synchronizing impulse. Concen- 
ting coils, beam current indicator, and 
k valve, control intensity and size of 
‘e on the film. Defliecting coils move 
») position of beam so as to record on 
re area of exposed film. In addition to 
fluorescent screen for direct observation, 
rument contains a stationary film hold- 
taking a standard film for recording 
trical phenomena lasting a millisecond 
less, and may be operated with a rotat- 
r film drum for phenomena lasting from 
millisecond to 0.1 second. A photoelectric 
ntrol makes it possible to take an oscil- 
ram in one revolution of the drum, 
ardless of speed, preventing superim- 
sed waves.—Westinghouse Elec. & Mfg. 
, P. O. Box 868, Pitisburgh 30, Pa. 


Selector Valve 


New “Altair AN6213-1”" is an improved 
pe of hydraulic four-way selector valve 
which pressure drop is said to have been 
educed by half over other valves of coin- 





parable size. Valve is available for %” 
tube size, is radial in design and utilizes 
patented plastic poppet valve elements. Body 
is a permanent-mold aluminum casting, 
cored fluid passages are oval instead of 
round in cross-section. This, coupled with 
xtremely short distance traversed by fluid 
through valve, results in a pressu:2 drop 
of only 11 lbs./in.? at 3 g.p.m. Simplicity of 
central cam design and radiating valve ele- 
ments, and use of plastic poppets (no need 


of inserted seats), result in important 


veight savings: SAWE  weight-approval 
seal, 0.86 Ib. In addition to %” tube size, 
”“ and %” valves also are available. Both 


carry AN approval.—Pacific Div., Bendix 
Aviation Corp., 11610 Sherman Way, North 


Hollywood, Calif. 


Mueller Bridge 
New “No. 1559’ Mueller bridge is in- 
ended for precise measurement of resistance 
f three- or four-lead resistance thermome- 
ers (and other similar resistors within its 





A 


aN 


lt 


ADAPTATIONS TO MEET ANY NEED 


For many years, Shallcross has devoted 100% of its extensive 
resistor engineering and production facilities exclusively to 
accurate fixed wire-wound types. This has resulted in bringing 
to the field of electronics 11 basic time-tested types. These types 
can be readily adapted to meet all engineering needs as to ter- 
minal, mounting and other physical require- 
ments. Special processing with materials 
found exclusively at Shallcross provides a 
complete selection of resistors which retain 
their accuracy and stability even under 
the most severe conditions of temperature, 
humidity and fungus. 


INSTRUMENT TYPE RESISTORS 


Designed to dissipate 1 watt and having a tolerance of 0.25% (or 
less if required) Shallcross bifilar wound Types 245 and 7525 are 
ideal for wide variety of precision instrument applications. 

When you have need of Accurate Fixed Wire-wound Resistors, 
write for the complete Shallcross Akra-Ohm Catalog. 


SHALLCROSS MFG. CO. 











DEPT. 1S-15, COLLINGDALE, PA. 


ENGINEERING +» DESIGNING + MANUFACTURING 
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that 
Stand- 


range) Its bask design follows 
lescribed by Mueller in Bureau of 

ards Scientific Paper No Total 
urement from 0 to 71.1110 ohms 
in increments of 0.0001 ohm. Ratio arms 
(two 1000-ohm resistcrs connected to ends 
of a single-turn slidewire) may be adjusted 


288. meas- 


range is 


with great exactness to unity ratio value 
Means are provided for convenient testing 
and adjustment of ratio value. Special pre- 
cautions are taken to minimize effect of 


contact resistance in dial switches. Switches 


controlling the first two decades are so 
arranged that their contacts are in series 
with the high-resistance ratio arms rather 
than in the rheostat arm; switches con 
trollin; the other rheostat decades ure 


used in the Waidner-Wolff arrangement. 


In measurement of three-lead resistance 
thermometers, resistance of one lead placed 
in “X’’ arm is compensated by resistance of 
a second lead _ inserted in the rheostat 
urn batts onnection is carried to the 


thermometer by third lead, Exact com- 
pensation requires identity in the _ resist- 
ince of the two compensating leads in- 
volved. Since this condition can seldom 


be realized in practice to the degree neces- 
sary for highly accurate work there is 
included on the bridge panel a mercury- 
sontact commutator which permits attain- 
ment of extreme accuracy in measurement 
f four-lead thermometers irrespective of 
equality of lead resistances, Associated 
with the commutator is an improved plug- 
ind-block assembly recently suggested by 
Mueller, whereby bridge may be conven- 
iently arranged for determination of bridge 
for verifying unity ratio value, all 
disturbing external connections to 
the bridge Resulting improved operation 
tinct advance over original design with 
letached commutator. Overall limit of error 
the bridge setting or 0.00005 
ohm, whichever is larger.— Rubicon Co., 
Ridge Ave. at 35th St., Philadelphia, Pa. 


zero or 
without 


s 0.02% of 








ures only 


ing with recording. 





“MM uuetu 


SMALL ~Peed DEPENDABLE 





Moats the Hathaway Type $-12 Oscillograph. 
The last word in performance and portability, meas- 


8”x9"x18”", making it ideal 


for work in 


aviation flight testing and geophysical work. 

Top panel control for convenience in operation, 
simple to adjust and operate, accurate and dependable 
response, ten to twelve channels, available with galva- 
nometers covering a wide range of characteristics. Day- 
light loading of permanent 6” film or paper record, 
adjustable recording speeds, automatic record length 
control and successive numbering, simultaneous view- 


Order now for early delivery. Write for price 
and bulletin. The Hathaway Instrument Co., 1315 So. 
Clarkson Street, Denver 10, Colorado. 


INSTRUMENTS 
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Interval Timer 


New “Model 2500” interval timer can 
preset to allow a given operation to cc 
tinue for “almost any pre-determined tin 


limit’ and to close or open a circuit at end 


of preset time. It is said to be particular’, 





1h, | 
GETTIN EY 


HOURS 











molding 


well adapted for use in plastic 

rubber curing, batch mixing, heat treating 
enamel baking, liquid agitation, light ex- 
posure, machinery operation, ete. Among 
features: (1) Switch — 1000-watt, s-p.d-t., 
fully enclosed, Underwriters approved. (2) 
Only two exposed gears—motor pinion and 
wheel, precision hobbed. (3) Motor — self- 
tarting slow-speed synchronous industrial 
type, completely sealed. (4) No energy is 
required of clock motor to trip switch at 
end of preset time. (5) Ten time ranges 
0-15 seconds through 0-20 hours, availabl 


n all types of enclosures. (6) All parts rust 
proofed and protected against corrosion 
“2500 Series’’ can be mounted to surface of 
iny panel, directly to surface of controlled 


equipment, also directly over and to any 
standard single gang switch box or hand 
box. Available for flush mounting or wall 
mounting with conduit connector. Overall 


high XK 37” : 


Electric Co., 
Til. 


wide 


dimensions 4%” 2 
37 West Van 


deep.—Paragon 
Buren St., Chicago, 


Anti-vibration Mounts 


New type of vibration mount known as 
“Rexon,” is said to be characterized b 
extreme simplicity in design and applica 
tion and by virtual indestructibility in use 
Determination of proper type of “‘Rexon 
mount and its installation require neithe 
engineering skill nor alteration of equip 


ment. Only two standard types are require: 
to isolate all kinds of vibration. Loadins 
is not critical—a tolerance of +10% being 





Normal 


Load Overload 





t rest 








r can 
to cx 

1ed tiny 
t at end 
ticular’ 





nolding 
reating 
ght ex- 
Among 
s-p.d-t., 
red. (2) 
ion and 
— self- 
dustrial 
ergy is 
vitch at 
ranges 
vailabl 
‘ts rust 
rrosion 
rface of 
ntrolled 
to any 
* hand 
or wall 
Overall 


2st Van 


own as 
zed b 
ipplica 
in use 
texon 
neithe 
equip 
equire: 
sading 
being 








bly. Various accessories can be 


principle and 


nissible. ‘“Rexon’ utilizes vibration 
nping properties of rubber in shear. 


ssibility of overloading the shear ele- 
nts is eliminated by “X’” design of rub- 
element, which acts in shear at points 
‘Xx”” under normal loading but in com- 
ssion when load exceeds rated capacity 
nount. No rubber-to-metal bonds, either 
hanical or chemical, are used.—Hamil- 
Kent Mfg. Co., Kent, Ohio. 


Aircraft Engine Starter Tester 
New “Model A 760” is a portable test 
it that can be easily bolted to workbench 
testing clutch settings on starters used 
th engines up to 1000-in.8 displacement 








one-piece casting is mounted on a 7” steel 
innel. To hold the starter to be tested, a 

diam, mounting plate and one 3-tooth 
tarter jaw with torque arm and piston and 
ige assembly are furnished as standard 
juipment. Ft.-lbs. of torque are registered 
connected to piston assem- 
supplied as 
eeded. Unit is 7” wide, 11” high and 28” 
ng; weighs approx. 85 Ibs firplane Mfg 
Supply Corp., Mfg. Div., 6853 Lankershim 
slud., North Hollywood, Calif. [Corp. re- 
juests that inquiries be addressed to H. N. 


Mabery, Jr., by name.] 


n torque gage 


Temperature Recorder-controller 


Resistance Ther- 
indicating, record- 


New “Electronic Type 
ometer” suitable for 
ng and controlling temperatures between 
100°F. and 1000°F. v ilizes null balance 
provides ‘nstantaneous bal- 
unba ..nee of measuring 
electron tubes with- 
parts. 
cali- 


neing action: 
ridge is detected 
it galvanometer or other 
Reliable performance and 


moving 
accurate 


bration over long periods of continuous op- 
eration are said to result from sturdy de- 


ign. Instrument illustrated in Fig. 1 indi- 


eates, records and controls temperature. A 
29” indicating scale which circles the chart 


nay be read from 50 feet. Pointer reading 
oincides with that of recording pen. Indi- 
ating, recording and controlling mechan- 
sms are all driven by the same reversible 
lectric motor which adjusts the slide- 
vire resistance to balance the measuring 
bridge. This motor is continuously con- 
ected to the electronic control unit which 





Fig. | 








Covers’ resistance 
range of 1 ohm to 
999,999 ohms. 

* 











Each decade dissipates 
up to 225 watts. Green- 
ohms (wire-wound ce- 
ment-coated power re- 
sistors) used through- 
out. Glass insulated 
wiring. 


Six decade switches on 
sloping panel. 
* 


Maximum current per 
g@ecaae: 5, 1:5,. .5,, 35, 
.05 and .005 amp. 

* 


Attractive frosted-gray 


metal case. Etched 
black-and-aluminum 
panel. Dual binding 


posts for left- and 
right-hand duty. 
* 


Grille at bottom and 
louvres at side for 
adequate ventilation. 
Baffle plate protects 
switch mechanism 
against internal heat. 

81,” 


36 slong, deep, 


534,” high. Weight, 11 








* Since its introduction several years 
Clarostat Power Resistor 


ago, the 
Decade Box has become a “must” 
among busy engineers, laboratory 


workers, maintenance men and oth- 
ers. Especially so during the hustle 
and bustle of war work. 


Definitely in a class by itself. There’s 
nothing else just like it. Note that it 
is a power resistor decade box. That 
means the introduction of the correct 
resistance value for any circuit or ap- 
plication for use under actual working 
conditions, at the mere twist of the 
knobs. The resistance which provides 
the correct operating conditions is 
then read directly off the dials. No 
calculations required. No guesswork. 
No time-consuming routine. No won- 
der the Clarostat Power Resistor Dec- 
ade Box pays for itself in short order. 


% Write for literature... 


Descriptive bulletin sent on request. Like- 
wise literature on controls or resistors in 
which you are particularly interested. 
Let us quote on your requirements. 





January 
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in turn is continuously connected to the sible motors which drive the recording per Eo 

‘ : 7S 
measuring bridge as shown in Fig. 2. E — — «= Alarm contacts may be provided for ary ‘ 
Resistance thermometers may be provided TT ELECTRONIC | or all of the recorder units. These con. [@, 


tacts are operated by an adjustable ca 
which may be set to trip at any desiré) 


with as many as four recording pens, each | t 
208 p : 
position of the recording pen. Temperatur:- t 
} 
4 


provided with its own continuously-con- 
nected electronic control unit and meas- 
uring bridge, thereby providing instantane- 
us response to changes in temperature. 
Primary element is a platinum resistance 
wire wound of a mica form and held be- 


ed | MER — 


_SUPPLY 


‘ & MOTOR 
Se-—§conTROL 
~ measuring circuits may be arranged 
calculate the sum, difference and ratio cf 
7S temperatures, Calculated results are r 


corded directly “in the form of news i! 


BRI 








tween two mica sheets clamped by a metal stead of history” and it is said that muc f : 
frame ill in a protecting well permanent- T* TEMPERATURE SENSITIVE PLATINUM RESISTANCE time and labor may be saved by the elec- it 
installed in pipe line, furnace wall, duct, A,B GR=FIXED RESISTORS M=SUDEWIRE ORIVE MOTOR tronic calculating method as compared wit ‘ 
etc. This element is represented in Fig. 2 S*SLIDEWIRE Fig. 2 manual calculation from chart records and fF, 
by resistor 7. Resistors R, A and B are log sheets.—Bailey Meter Co., 1050 Ivan- ‘ 
fixed and are designed to provide proper bridge, no battery source of bridge voltage hoe Rd., Cleveland, Ohio. J 
nge f measurement. Adjustment of is needed. Standard voltage cells and volt- keane } 
lidewire contact on resistor S subtracts age standardization equipment are not 
resistance from A and adds resistance to required. “Bailey Air- operated Control,” Magnetic Fluxmeter 
B or vice versa. Thus, bridge is balanced “Bailey Electronic Control’ or contacts ; aes 5 ; \ 
by adjusting ratio of bridge arms, obvi- for on-off electric control may be provided New “Model | 296” fluxmeter utilizes a 
iting necessity of carrying bridge current for as many as two temperatures by the electronic circult #0 connected to indicato 
through the slidewire contact and prevent- multiple-pen recorder-controller tequisite that when exploring inductor is placed in a 
ing variations in contact resistance from control mechanisms are mounted inside ™&snetic field, indication will be in pro- Ba 
iffecting calibration. Since a.c. is used for case and are actuated by the same rever- Portion to that field. It is designed to FA 


operate from 105-120-volt 50-cycle a. ex 
(other voltages and frequencies availabl: 
at additional cost). Built-in voltage regu 
lation is provided so that indication is in 
dependent of normal line voltage fluctu 
ations. Magnetic flux measurements car 





| rh 

u 

a! li 
inf 

' ! 

n 


be compared within +3%. Higher accu 
racy can be obtained by calibrating instru- 
° ° 4 ment with a known gauss standard an Bell 

Ve ra MECChMHON using it shortly afterwards, One four 
3 position control serves dual purpose of ‘ 
turning instrument off and selecting three Ne 
sensitivity positions. 3alance control is n 
used to pre-set indicator at zero. Exploring frecor 
inductor can be made with a minimum nd 
dimension of approx. 3/16”, to measure OXCE] 
flux density in small air gaps. Dimensions nev 
9144” wide, 10%” high, 5” deep; net weight grapl 


10 lbs.—Hickok Electrical Instrument Co., Feeney 

T H E LONG-LIFE PIVOT 10519 Dupont Ave., Cleveland 8, Ohio. single 
*Permopivots are tipped with Permometal , a highly de- 
veloped precious metal alloy ... the product of Permo’s own 


Iritument 


Reverse Current Cutouts 
New “Eclipse Reverse Current Cutouts’”’ 
are designed to prevent reverse flow of 
metal make it ideal for tipping precision pivots. It has an current to generators in aircraft power 
systems utilizing batteries and generators 


metallurgical laboratory. The unique qualities of Permo- 


extremely low coefficient of friction, eliminating the need of 
oil... it is non-corrosive and non-abrasive. Actual tests 
definitely prove Permopivots keep precision instruments 


accurate longer. 


PERM 0. Incorporated METALLURGISTS 


6423 RAVENSWOOD AVENUE «+ CHICAGO 26, ILLINOIS 


Write today for. complete details 
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ng per 4 ower source. They automatically dis- ga 
for ary , t generators from electrical systems 
‘Se COli- by generator voltage drops below sys- 
ble ca t voltage; also operate as generator 
desired Fy itic main switches. They are said 
eratur:- t rate satisfactorily in any mounting 
iged ’ n when adjusted in that position. 
ratio of “4% es in cutout temperature have mini- 


are I | effect on operation. On two of the 
ews Iir- | unnounced types, armature leads are 
it much | ied to prevent change in cutout set- 


f . 
he elec- ql through handling. Silver alloy contacts RADIO, SOUND AND COMMUNICATIONS EQUIPMENT? 
c 





‘ed wit iid to have long life and low voltage ‘ A : 
i ind iieies Tacs eel? on Loud Speakers Sound-powered Vibration Pick-ups 
0 Ivar le and automatically locked.—Eclipse Headsets Telephones Polarized Relays 
ag Bendie Aviation Corp., Teter- Microphones Telephone Ringers Generators 
rr Hearing Aids Voltage Regulators Meters 
: : Electrical Musical Phonograph Cutting Heads Magnetron Fields 
izes an | Yacuum Switch Keying Relay a i g er ok 9 9 
ndicato ew “Type 78CCA100”" Vacuum Switch RETUMSIES onograp ICK-UPS 
ed in Keving Relay was originally designed fo 
in pro , ift use, has many applications in other 
zned t i ‘ telay is said to be designed for 
le ax extreme reliability in holding its adjust- 
railabl« 
hepesanaa AUTOMOTIVE AND AVIATION EQUIPMENT? 
‘ Ps “ Magnetos Voltage Regulators Generators 
uctu - ‘ 
its car Tachometers Motors Magnetic Oil 


Compasses Speedometers Filters 





INSTRUMENTS? j 
Ammeters Oscillographs Light Meters ) 
Voltmeters Flux Meters Cardiograph 


Galvanometers Watt-hour Meters Recorders 
Seismographs Flow Meters Vibration Pick-ups 





ts, is of new, simplified and rigid con- 
struction, with minimum of parts, all of 
them readily accessible for inspection or 
justment. Tests show a life far in excess 





of five-million-operation minimum required 
if inits of this type. Relay has seven poles, MISCELLANEOUS PRODUCTS? 
= including one double-throw pole which Magnetic Separators Arc Blow-out Magnets Clocks 
’ handles high-voltage r-f. currents by means P . 
e of vacuum switch, All high-voltage parts Magnetic Chucks Temperature and Pressure Toys and Novelties 
re rounded to reduce corona.—Struthers- Magnetic Conveyors Control Equipment Coin Separators 
n, Ine., 1821 Arch Street, Philadelphia, : ae . 
vila ee ee ee Magnetic Clutches Circuit Breakers for Vending 
accu —_—_—— Magnetic Damping Limit Switches Equipment 


instru- - 
rd and [Bellows-type Industrial Pressure 


four 


Devices Holding Magnets 






ose of and Vacuum Instruments 
> three New bellows-type units have been added 
trol is t naker’s line of industrial and vacuum 
ploring recorders and controllers. Cases, charts 
nimun ind other Brown features are unaltered 
1easure except in minor respects; appearance of i ye. 
poor se new units is shown in rear-of-case photo- F YOU make any of the above products, iC 
weight graph (one unit with cover removed). Two . 
nt Co., general types of units are available: (1) will pay you to find out how better perma- 
0. Single-spring type for pressure above at- ie af eee . , . 

cauhetts, (3) dinbinenriax Gee fer nent magnets can improve efficiency and reduce - | ; 
ts costs. Put your design, development or pro- NEW! , 2 

, —— e Get your 

utouts”’ duction problems up to The Arnold Engineer- : 7 
ool copy of this valuable, 
powel! ing Company. Arnold engineers have been of up-to-the-minute man- 
erators 


: ual on the desig - 
great assistance to many manufacturers and are : ee 
duction and application 


at your service to advise exactly what Alnico of modern Alnico per- 


permanent magnet will solve manent magnets. Write 
us, ON your company 





your particular problem. letterhead, today. 





THE ARNOLD ENGINEERING COMPANY 


147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 


Specialists in the manufacture of ALNICO PERMANENT MAGNETS 
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ccuum and compound ranges. New units 
are available in various total ranges, from 
i minimum range of 0-5” water to a max- 
imum of 0-50” water. Design and construc- 
tion are said to make available in plant 
pplications, a combination of sensitivity 
nd accuracy usually found only in pre- 
cision laboratory instruments: negligible 
tapping error, hysteresis less than 0.2 
full-scale between up-scale and down-scale 
idings “even under the most stringent 
yperating conditions” ; sensitivity within 7,” 
water calibrated accuracy of +-1% of 
ll-scale span. Ample force is available 
for control regardless of low pressure, by 
ison of large bellows area. Bellows and 
ings have been properly related in size 
igh careful testing. Connection tubing 
f 3/16” ID has sufficient area to prevent 
iid collecting. Provision is made for 
raining condensable vapors from bellows 


Page 


shell by means of large-diameter connect- 
ing tubing. Instrument also provides for 
easy adjustment; zero and calibation ad- 


justing screws are equipped with accessible 
knurled knobs and their mechanisms are of 
micrometer type. In addition, shaft bearing 


supports are castings which eliminate mis- 
alignment and resulting friction. Another 
idvantage of new type is that the same 
bellows is used when pressure ranges are 
changed, requiring only installation of 


proper spring and recalibration. Spring, be- 
external bellows and out of contact 


ing to 
with fluid being measured, is not subject 
to corrosion, On vacuum and compound 
ranges the spring is corrosion-resistant 
Within bellows, and in contact with fluid 
being measured, it is made of stainless 
steel, Range may be changed in the field 

Brown Instrument Co., 4482 Wayne Ave 


Philadelphia 44, Penna. 
h 14 


INSTRUMENTS are playing an important role in today's tre- 
mendous industrial development—especially where complicated 
physical or chemical processes are involved. We are proud that 


WEKSLER 


instruments—because of their 


known rugged con- 


struction and lasting accuracy—have been chosen for so many 
of these industrial applications. There is a WEKSLER instrument 


for every industrial need! 





Recording Thermometers (one or 
multiple pen) are in a sturdy, cast 
aluminum case. Chart size; 10" or 
12". Hand wound or electric clock. 


Mercury or vapor actuated. 


Glass Precision Thermometers, 
Hydrometers, Psychrometers and 
Hygrometers in various scales, for 
many definite uses. 


SEND FOR CATALOGUES! 


Industrial Type Thermometers have 
a "V" shape bronze case, remov- 
able glass front, red reading or 
yellow back tube, and may be had 


with any desired stem. 


Dial Indicating Thermometers in a 
phenol condensate case, with a 
4!/,", 6” or 8/2” dial, are mer- 
cury, vapor or gas actuated. 


WEKSLER THERMOMETER CORP. 
52-56 West Houston Street 
NEW YORK 12, NEW YORK 
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Optical Projector q 


New “Model P2.5"” bench type optica 
projector is designed for easy setting 
ind operation with a minimum of mecl 
ical adjustments. According to manu 
turer, unit is ruggedly constructed 
onsists of the finest optical lens con 
nents combined with cor 





scientifically 


~ 
ht souree, providing excellent scree 
ge definition at ill magnifications. B 
reason of projector’s simple design, ur 
killed operators are said to be able to us 
this equipment in connection with all type : 
f worl suitable for optical projecti 
ckin Production speed of inspect 
be effected through the use of ordinar 
taging V-blocl or other simple holdir 
xtures Projector | large workir 
ipacity and is furnished with a standar 
ul-size 14%4” diameter working scree! 
Stage area measures 4” 1”. Overall lengt 
f unit is 42”; width, 18”; height, 32” ship- 
ping weight ipprox, 200 Ibs. ‘‘Portmar 
Jench Model P2 Optical Projector” ca 
be furnished with a choice of 10, 25» ; 
10 or 90 magnification lens unit an 
may be operated on the ordinary fact 
lighting circuits of 110 volts.—Portma 
Optical Co 70 Mill Rd., New Rochelle 
N. } 


Angle Setting and Measuring 





Device 

New “Bemisine’ (named after its inven 
tor I. W. Bemis) is a hinged-table device 
for setting or measuring any angle from ( 
to 90° to one minute of in one minut 
of time; requires only a capacity micré 
meter and reference to standard table of 
sines and cosines; has provision for holding 
small work-pieces for grinding, machinins 


xr inspection. It is recommended especial] 


with grinding and jig boring equi} 


use 































































it where angular set-ups are difficult and 
consuming. It consists of a _ precision- 





Ye Optica nd right-angular base which supports a 
ettinge wy x 4” drilled and tapped work-holding 
’ mechan mounted pivotally so that it can be 
manu? ap. | to any angle up to 45°, Angles in ex- 
cted an of 45° are secured by resting this fix- 
Ss comp yn second side of right-angular base. 
y corre ation shows 2” micrometer in position 

easure over a hardened measuring pin 

M block. When work table is perfectly | 


distance measured over pin and block 
xactly 1”. As table is tilted, pin (integral 

, table assembly) changes its distance 
1 block proportionately. Because of the 
onstant on both the “Bemisine” and any 
micrometer, a reading taken over pin 
ind block at any point (minus 1” constant) 
s true sine reading of included angle. 
Standard gage blocks may also be used with 
»misine” to determine angles. Distance 
ween measuring pin and block is held to 
ictly 0.200”. This constant should then be 
ied to sine or cosine reading.—Nichols- 
ris Corp., 50 Church St., New York City. 


“_ 





Metal Detector 
New “Alnor Forewarn Metal Detector 
: signals presence of tramp iron or steel jin 
terials where such ferrous materials 
would be dangerous or undesirable, Unit is 





ions. B 
ign, w 
le to us 
all type : 
rojecti 
ispect 
ordinar 
holdi: 
workir 
standar 
scree 
ill lengt 
+ iad ship- 
Portmar 
tor”. 





init an 
fact 

Portma 

Rochelle 


Mechanical shaking — one hundred and twenty times a minute 
through a one inch stroke for a full hour—on this Government bronco 





modification of ‘‘Alnor Detector Equipment” 

ised in penal institutions to search inmates ° ° ° ° 

ind visitors to prevent smuggling guns, files,| ...@ rough ride for any instrument— but J-B-T Vibrating 
sawblades, etc. New detector is said to be ‘ P ° 
Wdapted to practically any handling require-/ Reed Frequency Meters take this slamming in stride— 
nents, in stationary units, or for use with 3 4 

onveyors. It consists of search coil, ampli-| with accuracy unaffected. They re rugged. 

; fler and supervisory signals. Amplifier and 

S inven signals may be a part of search-coil system, 


» device or remotely located. Sensitivity is adjust- During the run, meters are rotated in the clamp to subject 


from | ible. Practically any size opening can be 

minut DI rided t sui nit ire nts ff hand . . 

, ah ovidec o suit requiremen ( 1and or the reeds to stress and shock not only in ie 
UE 


gravity feed or for use with continuous con- 
table ¢ veyor, or periodic flow with manual control. 
VIBRATING REID 


holding Size of ferrous parts which system is able, their normal plane of operation but also in 
ichining § to detect depends upon flow through search 

FREQUENCY METER: 
Jay 


ring 






pecially } coils and size of search area.—Illinois Test-| CYOSS Planes. They also undergo 24 hour 
B equi} ing Laboratories, Inc., 420 North La Salle 


St., Chicago 10, IMinois. vibration tests and single impact shocks of 


Cie OP 50 G's and above—through all planes. 


New “Fyrite Oxygen Indicator” enables 
For technical data on the 


pid determination of O2 with an accuracy | Here's where the designer'sspecifications complete line of J-B-T 


f 0.5% Oe at any point of scale. Instrument Vibrating Reed Fre- 
mploys principle of chemical absorption: a ; i+} quency Meters, send for 
sample of gas or atmosphere to be tested of base inserts, lock washers at every critl VF-43 with supplements. 


Is p ed into i fith aspir: t , as : . — ° - 

Tet Release of finece ureseure o| cal point, polymerized finish, and similar 
me precautions prove their worth. Lid. 
| RUBBER HOSE 


CONNECTING TO 
SAMPLING POINT 







(Manufactured under Triplett Patents and/or Patents Pending) 


J-B-T INSTRUMENTS, INC. 


443 CHAPEL STREET © NEW HAVEN 8, CONNECTICUT; sey) 











January 1945—Instruments—Page 53 





connector at end of rubber tubing auto 
matically locks sample in calibrated meas. 


a 


—— 





ee met a a i ‘ uring chamber. “Fryite’” is then tu 

Absorption of oxygen creates a su 

Wide fields of application have been opened up both in j Level of the fluid column shows Og 
quency noise. Regulated power supply units are invaluable for Entire test, including pumping of san 


bottom - side up, and back again, w 
REGULATED POWER SUPPLY 
which draws absorbing fluid up into gr 
research and industry for this unit. A-C ripple is negligible centage, which is read directly on gradu: 
such applications as amplifiers, television pulse generators, CANAD, CRON. OP SEES, EVO 35. s 


causes absorbing fluid to mix with san 
4 VOLTS 
250-450 ated tube in an amount equal to Ov absor 
and extreme care has been taken to eliminate high-fre- scale. The standard range is 0 to 2 
matic, does not require previous instruct 


constant frequency oscillators, and measuring equipment. ttl or trainins, Yeere are me val 
Other G-E regulated power-supplies are available in the follow- / clamps or leveling bottle to manipul 
ing ranges: 180-300 volts 160-1500 volts Dual Regulated : Ihstrument’s accuracy is said to be u 
L tered by vibrations or shock. — Bachar 
For further information write today: Electronics Department, Industrial Instrument Co., 7000 Bennett | 
General Electric, Schenectady, N. Y. Pittsburgh 8, Pa. 


Electronic Measuring Instruments 


Equipment for Recording 


GENERAL @ ELECTRIC Vibrations, Strains, etc. _ 


164-D1 New “GLM Dynamics Measurem 




















Equipment,” designed primarily for flight 
testing, comprises various types of sma ” 
remote-indicating pick-up units. Responses a 
of a number of pick-ups are records ter 
Oo 
O 
VI} 
ne 
) 
ps 
fo 
nat 
et 
vil 
re 
se 
ete 
tan 
mie 
m 
Ve 
nel 
AN 
GI 
ra 
ur 
THERMOMETERS o 
a, 
/- ) Fig. | 
. simultaneously on sensitized paper. Sys N 
_- tem makes use of modulated carrier wa Stat 
principle: pick-up contains one or mort ture 
variable-impedance elements and variatior te 
No. Al2402% No. M81110 No. M82115 in magnitude being measured cause pr! roa 
Industrial Dial Recording portional variations in pick-up impedan¢ net 
thereby changing balance condition of mo los 
ulating bridge circuit. Since bridge is f to | 
TEMPERATURE CONTROLLERS by a carrier signal of constant frequer oi 
and voltage, bridge output signal is pr ear 
a portional to the change being measured ten 
y Modulated carrier is amplified and trar ais 
j formed by means of a full-wave rectifi on} 
] into a pulsating unidirectional current seins 
e 2 twice carrier frequency. This current as 
fed to a galvanometer coil in a recordin: ric 
No. V85002 No. M87000 oscillograph which makes a_ permanent ide 
Air-Operated Air-Operated photographic record of that envelope 
Operating Non-Indicating Type Recording means of a light beam deflected by t 


galvanometer mirror. Carrier wave is i 
PRESSURE GAUGES troduced only to facilitate amplification 
pick-up signal which may be of low 
zero frequency; is eliminated after amy 
fication is obtained. Components: Fig. 2 
a block diagram. D-c. power supply d 
tributes low-voltage filament current ar 
regulated high-voltage plate current 
components of equipment, operates from 1 
volt storage batteries or in conjunction wi't 
a-c. power supply. Master oscillator g¢ 
Write for Catalog 101-G erates a carrier signal at 1,500 ers. whi 
is fed through a buffer stage in each am} 
fier channel to the modulating bridge ec: 
H.O.TRERICE of 0 nected to that channel. Amplifier chann 
ire constructed in banks of four, ea 
Manufacturers of Temperature Instruments channel consisting of two high-gain sta: 
1420 W. LAFAYETTE BLVD. and a third power-amplifier stage. Amy 
DETROIT 16, MICHIGAN fier output is fed through a selenium rec 








_\— 


DIALS - PANELS - PLATES 


made to your precise engincer-. 





ing specifications in etched 
metals and finishes. Ne. 800 ne. 600 te. 730 
Steel Case Iron Case Hydraulic 


MITIINTIUILIUUINN 








f is Z. 
METAL ETCHING CO. 
21-03 44th AVE. 
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Balancing | Paper-recoraing | 
Unit °  \ Oscillograph | 
pes «i Bs os ents . 


R| ? 
L Pick -upo (GLM accelerometer Type C) 
{ a Fig. 2 


Le ee ee oe 


r to transform the carrier to unidirec- 
mal current, and thence to the oscillo- 
raph galvanometer, whose dynamic charac- 
ristic serves to filter carrier ripple pass- 
ig rectifier. Galvanometer element has 
egligibly small response to carrier fre- 
ienecy but has uniform and maximum re- 
nse throughout the range of frequen- 
ies which are measured. The GLM accel- 
rometer pick-up is of variable-reluctance 
ype and is built to give substantially) 
near response to accelerations from zero 
» +20 G at frequencies from zero to 60 
ps., can be adjusted for wider ranges or 
for increased sensitivity) for considerably 
irrower ranges. “Type B” employs one 
ctive coil, “Type C” employs two active 
ils whose inductances change in opposite 
lirections. Recording oscillograph ordinarily 
ised contains twelve or fifteen galvanom- 
eter elements, with provision for simul- 
taneous viewing and recording of galvan- 
meter motions and a_ 0.01-sec.-interval 
timing element. Records are made on posi- 
tive recording paper, 6” or 8” wide depend- 
ng upon the type of oscillograph. Equip- 
ment includes comnmlete set of leads with 
AN aircraft type plugs. Also available is 
GLM Tyre 2-A” sinusoidal-vibration cali- 
brating table with 1” max. amplitude and 
iriable frequency The Glenn L. Martin 
‘o., Baltimore 3 Md 


Universal Arc-spark Stand 

New “ARL-Dietert Universal Arc-Spark 
Stand” is said to combine all desirable fea- 
tures of conventional stand used in general 
ire work, of jig-loaded stand used for metal- 
rod analysis, and of Petrey Stand used for 
netal-plate analysis. Unit is completely en- 
losed. Door is provided with safety switch 
to prevent shock hazard and with an eye- 
wing dark-red window which allows good 
lischarge visibility. Stand is ruggedly con- 
tructed from large aluminum castings. 
Massive steel electrode holders ure water- 
ooled. Insulated tubing on water system 
revents power leakage or breakdown even 
when used with the high-voltage spark unit. 
Friction drive for positioning electrodes pro- 
ides 1” continuous travel on both upper 













































INDUSTRIAL PROCESSES are accurately recorded, indicated and controlled by the Bristol 


Pyromaster Self-Balancing Potentiometer. In the illustration above,a Pyromaster maintains 


temperature control of a gas-fired furnace, used for case hardening steel parts. 








DIRECT MARKING pen moves instantly and continuously at the rate required to follow 


temperature variations. A 114 volt Burgess Battery supplies constant current to the 
potentiometer circuit. Burgess Industrial Batteries are designed to meet the exacting 
specifications of many special instruments. Your portable power problems can be solved 
by Burgess engineers. Write us today about your specific needs, or send coupon for free 


Engineering Manual. Burgess Battery Company, Freeport, IIlinois 











\ FREE... s0-pace ENGINEERING MANUAL! 


\q@ 31 descriptive pages, 25 charts and 36 data tables on dry battery charac- 






teristics for electronic applications. Tabbed for ready reference. Write 






\ \ Dept. 4 for your free copy. Burgess Battery Company, Freeport, Ill 
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electronics... 


problem child or benefactor? 


Placing the cart before the horse is to pub- 
licise in glowing terms, electronics of the 
future. Constructively, it's a job for engi- 
neers and designers. The N-Y-T Sample De- 
partment is helping to set the pace with re- 
search, engineering and development. Spe- 
cially-built transformers, filters and sole- 


noids— 
requirement — 


for every industrial and electronic 
are being produced to the 


highest degree of perfection. When military 
needs taper, collaboration will be available 


NEW YORK 
TRANSFORMER CO 


26 WAVERLY PLACE. NEW YORK IN Y 
; ly 


¥ 


y 








RAWSON 
D.C. MULTIMETERS 





Type 501A 
Accuracy 1/2 of 1% 


Readings from 2 microamps to 1 
ampere on 5 ranges, and 20 micro- 
volts to 1000 volts on 9 ranges. 


Also 
THERMAL MULTIMETERS FOR A.C. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST. CAMBRIDGE, MASS. 
Representatives 


CHICAGO NEW YORK CITY 











INSTRUMENT 
LATHES and 


ATTACHMENTS 


Immediate 
Delivery 


4” Swing i 


%” Bar Capacity 9” Bed j 


PLEASE WRITE FOR 

FREE INSTRUMENT 

LATHE AND TOOL 
CATALOG 


220 West Fifth St., Los Angeles {3, Cal. 


PRECISION INSTRUMENT EQUIPMENT— 
TOOLS AND SUPPLIES 
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and lower holders, minimum spacing of & 
between holders and maximum of 2% 
Calibrated stops limit each electrode hol 
er’s motion at top and bottom, are adjus 
able to 0.002” with vernier knob to allc 
exact duplication of a wide variety of se 
tings. For jig-loading, holders are locked 
place and an accompanying jig is used fi 
spacing sample rods rapidly and accuratel 
Another jig (also furnished) 
for spacing rod-carbon electrodes for a 
work. Instrument is easily convertible f 
use with flat specimens by raising (or re 
upper electrode and putting int 
place a rotary table, pinned for exact pos 
tioning, which allows sparking at three pos 
tions on flat specimen by moving an ex 
ternal lever. A 8° tilt of table 
shadowing of discharge by overhang o 
sample. Height of sample is maintained f< 
ill three positions and table height is ad 
justable to 0.001%, allowing duplication « 
various electrode positions. A fourth pos 
tion on external lever provides a gage ove 
lower electrode, allowing for spacings of 1 
2 or 3mm, between sample plate and coun 
ter electrode. Positive sample holder exert 
spring tension against top of the specimen 
“insuring perfect electrical contact at al 
times, irrespective of the condition of th 
sparking surface.” Unit includes high-ten 
sion cables 8 ft. long. Overall dimensions 9 
wide, 14” high, 8” deep. Weight approx. 3' 
ibs. Harry W. Dietert Co., 93830 Roselaw) 
ive., Detroit 4, Mich. 


moving ) 


Aircraft Rheostats 


Two new 
1ircraft, made in accordance with AN-R 
l4a (drawing 3155) have many of maker’ 
rheostat features plus new improved contro 





protection. They are lighter than the allow 
ible weight 
spray corrosion test and other critical tests 
and operate satisfactorily in temperature 
range from 55°C. (—67°F.) to 70°C 
(158°F.). Two sizes: ‘Model J” 50-watt 
“Model H” 25-watt 
taper wire-wound, in various. resistance 
values, with “off” position as required 
Totally enclosed in corresion-resisting meta 
container. Complete with knob as shown.- 
Ohmite Mfg. Co., 4835 Flournoy St., Chicag 
h4, TU. 


Midget Type Relays 
New “Corosealed” relay is a midget type 
relay especially designed for communica 
tion, electronics and aviation applications 
Units are hermetically sealed in a meta 
shell said to perfect performance: 


assure 
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approved power rheostats for 
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der severe conditions of temperature, hu- 
lity, pressure, dust, corrosion and fungi. 
its are normally sealed with content of 
e-filtered dry air but can be furnished 
h inert gas or pressurized content when 
sired. Standard octal’ plug base facili- 
es testing. Unit is 1 11/16” long; 2%” 
luding prongs. Weight 4 ounces. Coil 
idings can be supplied for voltage rang- 
from 1.5 to 70 volts a.c. and are wound 
exact number of turns. Every unit is 
bjected to a 1000-volt breakdown test. 
organic base plastic insulation minimizes 
gh-frequency loss and assures permanent 
electric and mechanical strength. Contact 
rangements offer flexibility in arrange- 
ent and handle 2 amps. at 100 watts 
fficient magnetic circuit permits. satis- 
ictory operation even with coil voltage 
juctuations as great as 25%.—Betts € 
setts Corp., 551 W. 52nd St., New York 1 
Vv. Y. 


Ca 


Ferrous-materials Comparator 

New “Cyclograph” permits simple com- 
irisons of ferrous materials as to analysis 
nd heat-treatment, utilizes transformer 
rinciple of operation \ 23-cycle exciting 





urrent is fed into primary coil while output 
yf secondary is controlled by magnetic char- 
icteristics of a metal sample introduced 
nto coil. Voltage from secondary is filtered 
ind fundamental 23-cycle wave is impressed 
mn horizontal axis of cathode-ray tube. 
Third harmonic is viewed on vertical axis. 
First and third harmonics will vary in phase 
ind amplitude with variations in analysis 
ind heat-treatment of steel or iron. Sorting 
f commonly-used SAE steels is practical 
ilthough, in some cases, observable differ- 
ence may not be sufficient for sorting pro- 
duction lots of parts. About 80% of occur- 
able mixtures of two types of iron or steel 
can successfully be sorted by ‘Ferrograph.” 
Low-frequency exciting current has an ad- 
vantage over 60-cycle in that magnetizing 
flUx reversals are slow enough to give some 
appreciable effect from residual magnetism. 
A long-persistence screen is used in c-r, tube 
to avoid flicker from low frequency. A relay 
turns cathode-ray beam off automatically 
unless there is a sample in test coil. Flux 
in test coil can be varied widely. It is pos- 
sible to correlate with different variables by 
using different flux densities in ‘“Ferro- 
graph” coil. Calibrated scale provides ten 
divisions per inch, with 10th divisions ac- 
centuated. Instrument is fully portable, is 
designed to withstand rough usage in lab- 
oratory, shop, or field, operates on 115 volts, 
40-60 cycles. Dimensions: 1214” wide, 174” 
high, 23%” deep. Weight, 100 lbs.—Allen 
B. Du Mont Laboratories, Inc., 2 Main Ave., 
Passaic, N. J. 


Absolute-altimeter Indicator 

New absolute-altimeter, based on radio 
principles, indicates distance to nearest 
solid object: ground beneath or a cloud- 
hidden mountain, is a development of en- 
gineers of several organizations including 
RCA and the Navy. Illustration shows only 
the special indicating instrument, developed 











High Vacuum 
Evaporation 
without a bell 











For vacuum coatings in 
Production 





This National Re- 
search Model D Evap- 
orator is designed for 
low cost production of 
coated electrodes on 
quartz crystals, low 
reflection films on op- 
tics, metal deposits on 
plastics, glass and 
other non-metallic 


surfaces. 


MODEL D EVAPORATOR IS ‘“VACUUM 


ENGINEERED’’ TO CONTAIN THESE FEATURES 


@ FAST OPERATING CYCLE 


@NO EASILY BROKEN GLASS BELL 
JAR 

@SIMPLIFIED OPERATION FOR 
ECONOMY 

@ PROTECTION DEVICES TO PRE- 
VENT DAMAGE TO INSTRUMENTS 


@VACUUM-WELDED SYSTEM FOR 
TIGHTNESS 





NATIONAL RESEARCH CORPORATION 


Bostrom 15, MASSACHESETTIS, U©.8.4. 


* 


Possibly other In- 
dustrial High Vacuum 
Equipment developed 
by National Research 
may be important in 


your production proc- 


esses... Why not in- 
vestigate? 
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WHAT do you need 


SENSITIVITY RESISTANCE 
DURABILITY 













Write for 
Catalog 


PORTABLE 
MODEL P-1 


WALL 
TYPE 
w-l 


90 CHESTNUT ST. 





in a PYROMETER 
SIMPLICITY & 


Engelhard Direct Deflection Indicators have all these features . 
tivity to the most minute voltage variations due to suspension type construction 
High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger . 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyrom- 
etry . . . On kilns or furnace installations, where "spot 
readings" are desirable—the Engelhard Rotary Switch permits 
separate readings from many points. 








. . Accurate sensi- 


. . So simple that instant 





| CHARLES ENGELHARD, INCORPORATED 


NEWARK, NEW JERSEY 


























MOISTURE CONTENT 


of lumber checked in 
THREE SECONDS 


At the press of a button, Mois- 
ture Register detects and meas- 
ures moisture by the use of 
electronics. 


Calibrated with a direct per- 
centage reading dial, with a 
range from zero to 25 per cent. 
Completely portable and self- 
contained. Anyone can oper- 
ate it. 


Write Dept. | today for complete information. 


MOISTURE REGISTER CO. 


133 N. GARFIELD AVENUE, ALHAMBRA, CALIF. 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 


tively inexpensive. 
J 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 











by Westinghouse, which is part of systen 

1 d-c. milliammeter of circular-scale forr 

fully compensated for ambient temperature 

from 67°F. to 18°F. Over normal rang 
of temperature, accuracy is within 1%. Ir 

strument has two scales, 0-400 ft. and 0-400 
ft., selected by turning an external switct 
Only one scale shows at a time behind wir 

dows in dial face, thus preventing reading 
wrong scale. Instrument, necessarily mad 
as light as possible because of its use ji 

planes, also combines master control switc! 
for entire absolute-altimeter system. Fo 
distances within the all-important region of 
10 to 400 feet, indication is accurate to 
within five feet. ‘‘Many a pilot has been abl 
to land his plane on a runway he could not 
see,” it is said.— Westinghouse Elec. & Mfg 
Co. East Pittsburgh, Penna 


Stepping Relay Mechanism 

New “Type 82 Kotary Relay Steppin: 
Unit” is a compact twelve-position driving 
mechanism which operates a shaft exten 
sion through 360° in twelve progressivs 
steps. When built up as shown above, unit 
provides a twelve-position selector switch 
which indexes one position for each momen 
tary current impulse. Unit will drive up te 





three wafer switches, or any other load not 
in excess of 12 oz.-in. torque, can be mad: 
to operate clockwise or counter-clockwise 
Actuator can be furnished (1) as a direct 
drive indexing load with current impulsé 


thus switching operation is complete the 
moment the solenoid operates; or (2) as ¢ 
pring drive, indexing load following th« 


current impulse, in which case the switch 
ing operation is accomplished by sprin: 
action following each current impulse, Cur 
rent required to operate this unit will de 
pend upon torque required for a particula 
application. Manufacturer will furnish «¢ 
suitable coil if load is specified. For a 1: 
oz.-in. load a 12-ohm coil drawing 2 amps 
from a 24-volt d-c. supply would be required 
Unit operates on d.c. only.—Price Brother 
Co., Frederick, Md. 
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READINGS 


OLTAGE \ mone 
i MPERAGE }  instRu- 


SILY PORTABLE, READY FOR USE 
SHOP, FIELD OR LABORATORY 


Associated Research 


vot LTAMMETER 


“STRAY FIELD ERRORS 
NOT ALLOWED!” 





MODEL 601 
VOLTAMMETER 


Ruggedly built, sturdily cased, the Voltamme- 
ter combines in one unit, AC voltmeter and 
AC ammeter, for instant reading on open 
cales. It is the only instrument, so far as 
known, for continuous reading from 0.2 am- 
pere to 500 amperes, 8 ampere ranges, 
Three voltmeter ranges are provided: 150- 
300-600 Volts Full Scale (Also reads DC 
oltages). 

Voltage and amperage circuits are entirely 
isolated. Volt and ampere scales are clear 
ind easily read on all ranges. 


NO STRAY FIELD ERRORS 
Stray field errors are reduced to minimum 
in the ammeter and entirely eliminated in 
the higher rauges. Lower ranges are self- 
‘ontained by internal transformer and higher 
anges external, by Donut transformer which 
can be kept far enough away from the in- 
trument to avoid stray field error. Impor- 
tant where higher currents are to be read, 
ind where readings must be taken in close 
juarters. A compartment is provided in the 
ase for carrying the external transformer. 


Send for complete illustrated 
descriptive booklet 





lso bulletins on other Associ ated Research products: 
test Ir nR ce Testers for power fields, 
justry, railroad and t broground, measuring 
istance 1% grounds; Hypot, all-purpose insulation 
reakdown tester, etc. Associated Research also cali- 
rates, repairs and rebuilds instruments 


Engineering service representatives in all principal cities 


ASSOCIATED —@® 


' RESEARCH. 


Lmucortactated 


233 S. Green St. Chicago 7, Ill. 





te GAERTNER 


TOOLMAKER 


MICROSCOPE 


for length, coordinate and angle measurements 


The Gaertner Toolmaker Microscope enjoys preferential acceptance 
in industries devoted to the production of precision parts. 


The instrument is widely used in United Nations war plants to 
inspect work in progress and finished work—to measure form tools, 
milling tools, drill jigs, templets and gauges, machine parts, taps 
and hobs—to perform the various thread measurements. 


It is an accurate, reliable and durable instrument incorporating fine 
machining and carefully adjusted optical parts. 


Send for Bulletin 147-14 


THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., 


Chicago (14), U.S.A 





The ONLY handbook of its kind 


MAINTENANCE AND SERVICING 
OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. & Mfg. Co., Newark, N. J. 


SHouLp be of great value to all those 
whose problem is to keep in operation 
the electrical instruments on vital war pro- 


duction as well as on war equipment. 
Cioth, xii + 256 pages, 5 X 81% inches, 
274 illustrations. 
Price, $2.00 postpaid 


Check, money order or cash must accompany order, 





Reprints available 


Uses eerenes saeseseseeeneseeeeasesses secessenaeaanases 


oa 
: INSTRUMENTS PUBLISHING Co., 











3 1117 Wolfendale St., Putsburgh 12, Pa. 
= Enclosed is $ for 

Scopies of Maintenance and Servicing of 
= Electrical Instruments (at $2.00 each). 

: CY 

= Address 

: City 
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City, Society and Secretary Date Place Subject Speaker 
Atlanta, Georgia Society for Robert E. Geminert, P.O 
Georgia Measurement & Control Box 1714, Atlanta 
Baltunore, 3altimore Industrial In- J. J. Seglets, 35 S. Pot Jan. 30° Engineers Club, 6 W Electrical Mea 1ent Perry A. Borden, 
Maryland strumentation Society St., Baltimore 24 Fayette St., Balto f Non-ele« i The Bristol Co 
Chicago, Chicago Society tor A. J. Butler, c/o IHC, 262¢ Feb. 5 Mé&M Club, 237 Theory of Boiler-feed E. W. Nick, Pres 
Illinois Measurement & Control W. 31st Blvd., Chicag Merchandise Mart ter Regulatior Northern Equip’t Co 
Cleveland, Cleveland Instrumenta W. A. Stubb j Ww 
Ohio tion Society 104th St., 
Fort Worth, Fort \ h | Ralph Ely, Arling Jan. 18‘4 Texas Hot Fort W Feed-back Dimmer M. M. Barnard, Ft 
Texas Clut Fort Worth Controls Worth Transit Co 
Gulf Coast Gulf Coast Instrumer T. H. Pierson, 3030 Rot 
(Texas) Maint nce Men'sAss'n S B mnt, Texas 
Hartford, Hartt Society for S. J. Zelle, Bridgeport Ther Jan. 16‘® Bond H lr j ADE t J. H. Bly, Materials Lat 
Conn. Measurement & Control mostat Co., 1225 Conn t : Acray Pratt & Whitney Aircraf 
A Bridgeport, Conn Mar. 20‘8 Bond Hotel Electronics, Fad or Servant Dr. Paul G. Weiller 
May 15 B Bond H Automat I mperature ( O. Fair hild, 
( C. J. Tagliabue Mfg. Cx 
Kansas City, KC Industrial Instru Gordon H. Burke, 1527 Broad- Jan. 30‘® Bluebird Caf as F R I C. C. Abbott, Pittsburg 
Missouri mentation Society way, Kansas City, M Equitable Meter Co 
Newark, Society for Measurement Robt. H. Gray, 1 Whippoor Feb. 6‘® Essex I Information Please H. F. Moore, Std. Oi] 
N. J. & Control (New Jersey) will Way, Mountainside, N.J [ I Dev. Co., Chairman 
New York, New York Society for H. R. Kalbfleisch, 144-35 Jan. 30‘% Columbia U. M i I I ham Lie D tor Dr. Joseph Kubis 
N. Y. Measurement & Control No. Blvd., Flushing, N. Y Club, 400 W 7th § Its A Ford University 
N. Indiana Northern Indiana S$ K. M. Frame, 25 Ruth S 
Measurement & Contr Hammond, Indiana 
Philadelphia, Philadelphia Society for G. E. Gress AT( 4 Jan. 17° Er Clul Sylphon Bellow M i 
Pa. Instrumentation Logan St., Philadelphia Sy e St acture 1 Applicat Fult 
Feb. 21 Eng rs Club I ] P. FE 
Pittsburgh, ‘ M.S ‘ Jan. 22 R M D 1, Precisior 
Pa. M St hern r & Inst. Ce 
Feb. 26 tH t J. Pell sulf Oil Co 
Mar. 26 H ( ( W. Pr Reg 
Apr. 23(B | H S I | W. Mikelson, G.E 
May 28‘®> I s Contr W. B. Heinz, 
Cochrane Corp. 
St. Louis, St. I 5S ty { Gus Holubeck, Un I 
Mo. Inst entation t Venice, I 
Toronto, Canadian Society for es. Agnew, M é Jan. 18 LD bs) I I ro Self Fred E. } 
Ontario Measur nt & Contr Honeyw Reg St I t ng P’ itiometers 
Washington, | 9 t Woe hack N Jan. 16 | I A Bearings C. Burgess, WPB 
D.C. Washing xford St., Arlir \ Feb. 21 ] I I ric Relays L. F. Crabtree, Auto Ele: 
Wyandotte, Instr S t D. J. Mc Jan. 22°! \ M M I I t H. H. Barnum, Brown 
Mich. Wayne ¢ St., Wy M ( Instrument Co 
(A) Meeting at 1 (B) Dins Dit t (D) Meeting at 8, no dinner 
juestions were asked and answered by Mr NORTHERN INDIANA Society For 


of Societies 
Editor’s Note—The first five items were 

received too late for our December 

which Postoffice requirements compelled to 


News 


issue, 


close up for the press on November 27th 
to be in the mails before the Christmas 
rush.—M. F. Behar. 


November Meetings 
CHICAGO 

Our speaker at the November 6th meeting 
of the Chicago Society for Measurement and 
Control was Mr. C. B. Moore, President of 
Moore Products Co., Philadelphia. Mr. 
Moore gave a very comprehensive talk on 
all phases of the pneumatic null balance 
system as applied to industrial instruments 
His talk began with an explanation in a 
very simplified way of the fundamental 
principles of this system. He then followed 
with a detailed description of the one-to-one 
pressure transmitter with direct system and 
immediately thereafter gave an interesting 
discussion on the detail of nozzle character- 
istics as displayed by a graph. Next for 
explanation was a one-to-one pressure trans- 
mitter using a constant nozzle-pressure dif- 
ferential and this was followed by a dis- 
cussion of the details of the amplifying 
pressure transmitter as well as the high- 
range amplifying pressure transmitter. The 
differential pressure transmitter which is 
provided in a simple compact design was 
covered very thoroughly. 

Mr. Moore then gave us an interesting 
description of the motion-transmission as- 
sembly and valve positioner. 

A very interesting graph was shown on 
the screen which gave a representation of 
the control function. This was followed by 
a description of the various units applicable 
to different types of instruments and the 
details of the null pneumatic throttling 
unit, automatic reset unit, rate response unit 
and complete “Nullmatic’’ control system. 

Mr. Moore’s talk was followed by a very 
interesting discussion in which a number of 
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Moore 

The meeting was well attended and every- 
yne was extremely interested in hearing a 
interesting talk on a unique type of 
operating principle as applied to industrial 
instruments. ~GORDON THOMASON 


very 


KANSAS CITY 
November 21st 
City Industrial Instrumentation 
Society, ballots for officers for the coming 
year were counted by tellers, R. Benning- 


At the 
KKansas 


hoven (Republic Flowmeters) and W. R. 
Carns (Sinclair Refining). Officers elected 
were Wm. G. Eargle (Phillips Petroleum) 
Vice President, and Gordon H. Burke 


(Burke Engineering) Secretary-Treasure? 

H. B. Manley of J. F. Pritchard & Co., 
presented a basic lecture on “Practical Ap- 
plication of Pressure Controls.” Three dif- 
ferent methods of controlling the pressure 
in a tower were very well explained. 

Our Quiz Kids, J. C. MacNaughton (Phil- 
lips Petroleum), H. S. Emery (Phillips 
Petroleum), W. R. Carns (Sinclair) and 
R. Benninghoven (Republic Flowmeters), 
had a hot time in satisfying the members 
as to just what various types of pressure 
elements were available. 

Lee Lewis of Economy Equipment Co., 
Kansas City, introduced his guest projector 
operator from St. Louis, Hans Freeman of 
Economy Equipment Co. and the St. Louis 
Instrumentation Society. Hans extended 
greetings from the St. Louis Society. 

W. H. Pugsley, Manager of Engineering, 
Hays Corporation, Michigan City, Indiana, 
presented a film and talk on combustion 
control. The positioning control system and 
metering control system were very clearly 
explained by the film and Mr. Pugsley. The 
Hays Corporation should be proud of this 
film and talk by Mr. Pugsley. They were 
both conceded a 4-star rating by our mem- 
bers. -W. A. REICHOW, President 


meeting of the 


MEASUREMENT AND CONTROL 
EDUCATION FRATERNITY 


The November meeting of the 
was held at Vogel’s Restaurant in 
nond, Indiana, on Friday, Nov. 17th. 

Mr. George A. Russ, Radiologist of th: 
Claud S. Gordon Co., spoke on The Rol 
of X-rays in Testing and Controlling Indus 
trial Materials. Mr. Russ explained the theory 
of the X-ray and the many application 
for its use. There have been many im 
provements in the x-ray Science since the 


DEMOCRACY 


NISMé 
Ham 


war started. The Army and Navy have 
been x-raying their materials and armor 


plates up to 16” thick. Industry will con 
tinue to use this science more in the post 
war period, so as to make better products 

This meeting “hit the nail on the head’ 
for the members of the steel and foundry 
groups KENNETH M. FRAME 


PHILADELPHIA 


There was a large and very enthusiastic 
turn-out at the November 15th meeting of 
the Philadelphia Society for Instrumenta 
tion to hear Mr. T. A. Cohen address thé 
membership on “Electronic Design as Ap 
plied to Automatic Control Problems.” Mr 
Cohen’s address showed the effort and time 
he had put into the preparation of his ma 
terial, and the membership thought his 
subject was very well covered. 

We were surprised to learn that there 
were so many different types of vacuun 
tubes, which Mr. Cohen classified in a 
readily understandable chart. 

He pointed out the use of vacuum-tube 
control in a Wheatstone bridge circuit, con- 
version of a.c. to d.c. in measurement of 
very minute a-c. voltages, the use of the 
electronic profilometer, the use of vacuum 
tubes as relays and in resonant circuits. 

Mr. Cohen showed us some slides on the 
application of the capacitor method using 

























rials Lat 
y Aircraf 
iller 


Mfg. Cx 
‘ittsburg 
Co. 

‘d. Oi 
man 


Sity 


\uto Ele< 
rown 


no dinner 


Sa aaEnEEEEEEE 


IR 


RACY 


NISM¢ 
Ham 


of the 
e Rok 
Indus- 
theory 
cation: 
ly im- 
ce the 

have 
armor 
il con 
e post 
oducts 
head”’ 
undry 
FRAME 


there 
cuum 
in a 


-tube 
con- 
nt of 
f the 
cuum 
8. 

1 the 
using 














The Master Enclosed Rota 


meter with screwed connec- 


tions. Flanged connections 


are also available. 








THE NEW WMaster-Euclosed 
ROTAMETER 


/ Totally enclosed safety construction 

Great strength and rigidity 

. Quick assembly or disassembly 
MAJOR Flanged packing glands 


ROTAMETER Outside packing gland adjustment 


Universal piping connections 


IMPROVEMENTS! | Safety float stops 


Clean, attractive design for panel mounting 





What features do you consider necessary in a rotameter to meet every require- 
ment for accurate flow measurement? In a survey conducted by Fischer & 
Porter, 250 instrument engineers answered this question with sketches and 
suggestions. These were carefully analyzed, then combined with features 
suggested by our field experience, and built into the new Master Enclosed 


Rotameter. 


The Master Enclosed Meter has strong, pressed-steel structural members 
that enable it to take full line strain and hard usage. Furthermore, the Operator 
is fully safeguarded because the rotameter tube is completely enclosed and 
readings are taken through safety glass panels. Universal end fittings permit 
horizontal pipe connections at any angle. Stuffing boxes are easily adjusted 
from the outside and for cleaning purposes the meter comes apart readily 


by removing a few screws. 


The Master Enclosed Rotameter is available in all forms—indicating, 
recording or recording-controlling in sizes up to 4” inclusive for handling a 
maximum of 300 GPM of water or 400 CFM of air. Catalog 25-D gives the 
complete details. Obtain a free copy by writing to us on your Company 
letterhead. 
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| Completely disas- 


| sembled Master En- 
£ showing simplicity of 
“ahi 
2 a, construction and ease 
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The stuffing boxes of 


closed Rotameter, the Master Enclosed 








Meter may be ad- 






justed from the out- 


of handling. side of the meter. 
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MODEL 79-B 
SPECIFICATIONS: 


r.f. carrier below 100 mc. 


wt. 31 Ibs. 
Price: $295.00 F.0.B. BOONTON 





BOONTON - 





| Interval Timers 





| Process Timers 








| Signal Timers 























| Time Switches 
Relays 
Ss te = 





AUTOMATIC 


== ELECTRIC = 
MANUFACTURING CO. 
MANKATO, MINNESOTA 
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FREQUENCY: continuously variable 60 to 100,000 cycles. ; 
i PULSE WIDTH: continuously variable 0.5 to 40 microseconds. f 
OUTPUT VOLTAGE: Approximately 150 volts positive. i, 
OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load. 

R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any 


MISCELLANEOUS: Displaced sync output, individually calibrated frequency and 
pulse width dials, 117 volt, 40-60 cycles operation, size 14’’x10x10", 





Delivery on priority 





MEASUREMENTS: CORPORATION 


NEW JERSEY 








ELECTROX 
— RECTIFIERS — 


®@ All kinds of rectifiers for 
all purposes ... any 
capacity. Suppliers of 
Electrox Rectifiers to lead- 
ing instrument and test-set 
makers since 1930. 


Write for illustrated 
Bulletin 446. 


















SCHAUER tinea 


2055 READING RD., CINCINNATI 2, OHIO 





an electron-tube circuit in measuring liq 
level, both directly by submerging in t 
liquid and indirectly where the liquid le 
glass between capacitor plat 
thoughts on the 
control might be 


is in a gage 
Mr. 
of electronic 
as follows 
“Auton 


Cohen's 


summariz 


mechanisms for t 
variables, such as 
levels, material fic 
etc., have become 
especially since t 
Armed Forces ha 
acute shortage 


itic-control 
control of the usual 
quid and material 
pressure, temperature, 
singly 


cre common, 


requirements of 
caused an increasingly 
experienced technical personnel. 
automatic-control mechanism has been qui 
common in process plant, recent develo 
ments involving the use of the 
tube have presented new solutions of aut 
matic-control problems. In many cases, t] 


our 


electron tube has made possible a simp! 
fication of automatic-control mechanis 
and, in some cases, has made _ possib 
simple solutions of control problems whi 


well solved by earlier pneumati 
mechanical control 


were less 
hydraulic, or 


d 


applicati 


Althoug! 


electro: 


mechan- 


isms. In the Process Industries, the electro: 
tube family and its applications furnis 
better answers for the speeding of oper: 


tions and the improvement of processes, 
rapidly-expanding art encompassing tt 
electron tube has, in a few years, taken 
position of tremendous importance in pri 
cess work, and as yet its vast potentialitt 
have been barely assayed. Indeed, it is er 
tirely probable that 
in industry and laboratory may eventuall 


overshadow the more customary usage «¢ 
the electron tube in the communicatio 
fields. All manner of mechanisms known t 


the physicist and industrial engineer can t 
some extent be benefited by the use of son 
form of these intriguing devices. 


in a material's physical property or cond 
tion, whether chemical, electrical, mechan 
cal, or otherwise can cause an appropriately 


electronic mechanism to respon 
to effect a desirable result. Be 


designed 
immediately 


cause it is based for function upon tl 
mobility of the electron, the resulting re 
sponse in a properly designed electron 


limited by the ir 
ymmon to 


is not 
oving parts 

mechanism.” 
few members stayed after th 
meeting for a lengthy discussion with Mr: 
Cohen on specific applications. 


relay mechanism 


ertia of n more c 
mechanical 
Quite a 


electronic applications 


. 


A change 


Our dinner attendance was 41, while ther 
were 96 at the meeting. J. E, GAMBRII 
WYANDOTTE 
Fifty-three members and guests attende 
the November 27th meeting of the Instn 
ment Society of Wayne County, held at th 
West Mound Church. Several of the guest 
became members, There was a grand coun 
try supper, some visiting and a short bus 
ness session. Then the main program. Th 
talk on Electronics by Mr. Satullo of th 
University of Detroit was carefully prepare 
and very well delivered. The slides wet: 
ery d. We all got a better understand 
ing of electronic tubes and circuits an 

their use in instrumentation. 
We are thinking of getting lapel button 
and will welcome any suggestions as t 


design, etc., or as to what othe 
have done. 
the Wyandott 
some for instrumer 
subscribe to Instrument 
and will buy several book 
from the leading Ir 
JOHN MACPHERSO 


appropriate 
instrument societies may 
We are arranging with 

Library to have space 
literature. We 

for the Library 
and ask for 
strument com} 


will 


catalogs 


nies, 


December Meetings 
NEWARK 
A sound movie, “Electronics at Work 
was shown at the December meeting of tl 
Society for Measurement and Control (N.J. 
This was followed by a talk, “Electronic 
In Industry,” given by Mr. Carl P. Ber: 
hardt of the Westinghouse Elec. & Mfg. C 
Mr. Bernhardt used slides to illustrate son 
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he applications of electronic devices that 
in use today. Although this was not a 











































































































that was primarily about instruments, { 
= plat isurement or control entered into almost 7 
»plicati n y application. 
nmarized veral specialized instruments were de- 
bed, such as the form of glossmeter that é } 
for ti trols high-frequency heating in tin-plat- A ngenious New " 
we "_ - of steel [see Instruments, June 1944, | e iy J 
1a Ow es 328-329]. 30B GRAY ‘ iy re] . ‘ ai 
come | asia 2 - ——- ties af Technical Met @ ] Ss j 
ince tix NEW YORK i} . 
es hay [The December meeting of the New York , Presented in the hope that they will ; 
rtage of iety for Measurement and Control was 4 ° e 
Althoug! d on the 26th with 33 present for the prove interesting and useful to you. 
en qui iner and an additional fifteen attending P 
develo the meeting. { 
electro: Keith Henney, Editor-in-chief of Elec- ' 
of auto- tronics, spoke on “Pertinent Trends in In- 
uses, thy istrial Electronics.”” He explained various 
simp! sctronic methods for measuring time ac- f 
chanis irately, detecting flaws in metals and other ke 
possib aterials, the use of the oscillograph, flux- i 
is whic rraph, cyclograph and the klystron tube. 
eumati short report on the early returns of a 
mechan- \icGraw-Hill survey now in progress, on the 
electro: pplication of electronics, shows wide appli- 
furnis tions and growing use of electronic in- 
f opera- struments and devices. Many questions were ye 
esses, A nswered by Mr. Henney during the dis- 
ing the ission period. —H. R. KALBFLEISCH 
taken a —— 
in pro- PHILADELPHIA 4 
itialities The 23rd meeting of the Philadelphia So- | 
it is er ety for Instrumentation was held on De- 
ications ember 20, at which twenty-six were at | G A id 0 
entuall iinner and sixty-five were at ‘the meeting. New Interna age vol Ss ver 
sage of Mr. A. A. Hejduk of the Meriam Instru- in 4 
nicatior ment Co., talked to us on “Manometer Ap- Cutting ...Saves Wasted Man Hours fhy 
nown to plications in Industry.” He classified man- yn 
"can t meters in three types: (1) U-tube Type, e a , | 
of son 2) Pot Type, (3) Inclined-tube Type. At last a gage that takes the guess work outof Fa rom =. 
changs Without going into fundamental details on checking internal diameters either machine em ew aa a \ 
> cond the use of manometers, Mr. Hejduk told bored, or close ground and lapped. It is called . : Wie ; : ! 
lechan is of several novel applications where the Keene Internal Gage and is the first accurate : Ey, H 
riately- 1anometers were used to determine leakage method for fast correct checking of internal ; i m3 ly 
respon by means of pressure increase from the splines and gears on both minimum and root Oe “aD \ 
ult. Be upply side of the system to the tested side diameters. The gage is ideal for machining and 
one f the system. This procedure had even been | inspection work, and proves its value in in- 
ing re volved to timing pressure increase a5 @ creased production. It can be used with either a 
ctron 1ieans of determining leakage. P master, or micrometers. | 
the in- He described the use of inverted-U type t . P 
n to n low fiows, where the measuring fluid This time saving development is constructed 
vas the actual fluid flowing in the line. This | of aluminum, is six inches long and weighs only 
ter th voided any contamination of the flowing five ounces. Available in models designed to read 
ith Mr uid, as well as making the manometer easy in thousandths (.001) or in tenths (.0001). 
Oe. ; When your gage has been checked the thou- 
le ther The most interesting development in man- 5 ndths left to bore, the actual job of machining 
.MBRII meter applications which is just being 


may become tedious. It is then when Wrigley’s 
either 50” or 100” in series, so that pres- | Spearmint Gum helps keep you alert and watch- 
ures up to as high as 500 Ibs./in.? could be | ful. Chewing gum seems to assist you over the 
read to inches or tenths of inches of water dull spots in the day’s work. And Wrigley’s 


iade available, was the use of manometers 














ttende hroughout that range, by building up the Spearmint will aid you in your peacetime job by ; 
Instru pressure on one manometer after another. helping to keep you wide awake and efficient i 
at. th A social evening was provided for the | during that part of your work that may seem 
Sucet members to enable them to meet the new unimportant, but which actually means perfec- <i? 
1 coun fficers for 1945. The new officers are: tion to the completed product. Closeup of dial showing simplicity 
7 Ted Newcomb (Gulf Oil Co.) President; and fast visibility. 
a th pene pro eennge gil srg alain pes nr vee- You can get complete information from Keene Electrical | 
dent ; George E. Gress (Automatic Temper- $s sapere - 3g" a : , 

‘epare iture Control Co.) Sec’y: L. John Seifert Machinery Co., 542 W. Washineton Blod., Chicago 6, Ilinots. Z-51 | 
ste (Atlantic Refining Co.) Treas. ' f 
rstand J. E. GAMBRILL 
ts ar = . - | 
i WASHINGTON NEW MODEL ¢ HIGHEST ACCURACY 

ae [The December meeting of the Instrument CHRONOMETRIC 


ociety of Washington, held in the Interior 


t othe epartment Auditorium December 19, was ee T A € H re) M E T E K f 
ttended by approximately 100. Instrument eal 














ndott vork in local government laboratories was j 
ammiaiy the subject of the program. ‘ 
iment ‘. 2" sen 1 a, ass ISN och. fa - ae d 
book an ere ee ee [ee Readability to 1 RPM per division. Guar- 
ng ir a | wits ; eri anteed accuracy well within 1% of 1%. } 


Model Basin, spoke on “Instrument Activity 
if the David W. Taylor Model Basin.” 
Mr. D. L. Parkhurst, Chief of the Instru- 
nent Division, Coast and Geodetic Survey, 


Indicates RPM directly on the dial without 
any calculations over a fixed period of 
6 seconds. Negligible torque. Two models 


TERSO 









spoke on “Instrument Activity at the Coast with ranges 0-1000 RPM or 0-10,000 ; 
ind Geodetic Survey.” RPM, each syitable for double rated range. i 
Vork This was the annual business meeting of ‘ i 
of tl he society and reports of the officers were Write for bulletin No. 715. | 
(N.J.) eceived. It was announced that since the | 
tronic ociety’s organization in May 1944 a total | 
Bert f 175 members have been enrolled. All HERMAN H. STICHT Cco., INC. 
« ee nembers joining before December 31, 1944 27 PARK PLACE NEW YORK, N. Y. ' 
> son re considered Charter Members. The pres- 
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- 


VACUUM GAUGE 


(Pirani Type) 


For Accurate High 
Vacuum Measurement 







OUTSTANDING ADVANTAGES IMPORTANT TO YOU! 


1. Gives instantaneous and continuous 
reading 

2. Range of 0 to 3000 microns 

3. Indicates presence of water and 
other vapors 

4. Indicates vacuum changes as they 
occur 


5. Adaptable to any high vacuum 
pump or system 


6. Easily placed on any point on vacuum 
system 


These D.C. operated gauges require 
only one ortwo No.6 dry cells and may 
be installed in rubber, sealed to hard or 
soft gli iss systems or coupled to *2 Inch 
standard pipe connection. Write for 
more complete information, description 
of models and prices 





SESS <_ 


Orders Accepted 
for Prompt? Delivery 


NEW YORK OFFICE, 265 West 14th Street 








For Extremely Close 
Temperature Control 


Visual-Stats 





@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter 
minate at back of tube. No encircling 
metal bands! @ Availeble in angle form 
(illustrated) or conventional straight form 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. - Philadelphia 
Oldest Thermometer Manufacturer 


in Philadelphia 


WHEATSTONE BRIDGE 





Rubicon Wheatstone and Kelvin Bridges 
are available in a number of types to suit 
various applications. All are made in 
accordance with the highest traditions of 
the instrument maker’s art and are fully 
guaranteed. 


Described in Bulletin 100 which also lists 
National Bureau of Standards and other 
standards of resistance. 


Copies available on request. 





RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia 32, Pa. 
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ent officers will continue in office throug 
1945 as provided at the time of their ele 
tion in June 1944. These are: 

R. C. Darnell, President, Box 4730, Wash 
ington, D. C.; D. F. Windenburg, Vice 
Pres ; Wm. R. Blair, Vice-Pres. ; W. A. Wild 
hack, Corresp. Sec’y, National Bureau 
Standards; R. G. Quick, Recording Sec’y 
Raymond Morgan, Treasurer, University o 
Maryland, College Park, Md.; E. R. Schaef 
fer, Councilor; &@ H. Lovins, Councilor 
Veetings E. A. Capelle 

Committee on Membership: A 
Chairman. R, C, DARNELI 


Committee on 
Chairman ; 
H. Mears, 


WYANDOTTE 

The Instrument Society of Wayne Counts 
met as scheduled on Monday evening, De- 
ember 18th at the West Mound Methodist 
Church, It was “Family Night.” Twenty- 
nbers with their wives or other lady 
attended. There was a period of visit- 
ing and getting business 
ind a chicken dinner 

Then there were several reels of sound 
pictures: news, travel, and a comedy. 

The President, Mr. Baker, announced a 
ourse in Industrial Electronics to be started 
it the University of Detroit in January. Sev- 
eral members will enroll in it 

Mr. Baker announced also that he will 


five mer 
fuests 


icquainted, some 


ippoint a Committee on Education and Dis- 
ussion, by which the experience and 
knowledge of all the body will be made 
vailable to ich member 


JOHN MACPH 


ERSON 


Engineering Societies 


Tr t in iety of Mechanical En- 
zineers held ts pat Meeting in New 
York No 27-Dec. 2; the American Insti- 


tute of lex ‘trical Engineers will hold its 
Winter Technical Meeting in New York 
Jan, 22-26 

Many interesting papers on measurement 
-control subjects were pre- 
sented at the ASME meeting and will be 
presented at the AIEEE meeting. Two lists 
incomplete) are printed below, 


ind automatic 


(necessarily 





for the benefit of Instruments readers who 

are not members and who will desire to or- 

ler reprints or preprints. MFB 

Reprints and preprints are sold at various prices de 

pending on length, et the majority being 15 cents or 

2 nts. As we go t res have not ceived sched 
one we I mn t 








xa yrints or preprints from the 
the heck money ord 
he t it l me 
vat AIEE ASME bhookkeepers 
0 | gu ma 2 mt averag 
naming the Red Cross or March of Dimes 
Send orders to Publication Sales, AITEE 3 W 9th 
M.- ee 18 rdering by assigned numbe and t 
Publication Sales, ASME, 29 W ith St N. ¥. 18 


AIEE MEETING 
Session on Instruments and Measurements 
$5-24. Orthomagneti« Bushing 
Transformer for Metering. A. Boyajian, G 
Camilli. 
45-19. A Modulated-frequency System of 
Telemetering. H. E. Renfro, A. P. Peterson 
45-65. Dynamic Measurements on Electro- 
magnetic Norton. 
15-66. A Portable Instrument for Measur- 
Voltage 


Current 


Devices. EF. L 


ing Insulation Resistance at High 


F. W. Atkinson, R. B. Taylor. 

Session on Temperature Veasurements 
and Standards 

15-32 and 45-33. Investigation of Hot- 


spot Temperatures in Motors. Fourteen au- 
thors 
Othe Sessions 


Amplifier 


45-47. Tracer-controlled Position 1 
lator for Propeller Milling Machine. C. R 
Hanna, W. O. Osbon, R. A. Hartley 





45-3. Speed Control System for an Ajir- 

ift-cabin Supercharger Dr é F, Ww 
Godsey, J. D. Miner, Jr., O. C. Walley. 

45-81. TI Amplidyne Gene Applied 
) peed- ntrolled Electric G rets for 
\ raft. I A. Zahorsky. 

15- Simul: 1 High-altitude Testing of 
Aire! Ignition Cabl nd Connectors. H 


15-64. An Interval Timer for Arc Dura- 
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For work in which the inspection of internal sur- 
faces is a factor, Polan Borescopes give detailed, | ae 
minute inspection. 

Requiring no special operator training, Polan 
Borescopes are practical in usage. Designed for 
inspection of gun bores, bored engine shafts, cylin- 
ders, etc., with absence of eye fatigue. Efficient 
inspection of bore diameters ranging from 20mm 
to 9 inches; lengths up to 30 feet. 


SAE ERE EIS 


Write today for your copy cf Borescope Bulletin No. 506. 


HUNTINGTON 19 WEST VA. iz 
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ee eeanbiatnan teenie: 
: Telescopic Alidade 








for the U.S. Navy. 


With lighthouses blacked out, shore 


The instrument 


mountsover the ship’s compass, has a trisected field showing 


simultaneously 1) object viewed, 


2) compass indication, 3) 


level vial. Designed for both terrestrial and celestial obser- 


vation, the alidade has a prism attachment for measuring 


angles of heavenly objects, and in checking intersections 


of two azimuth circles at intervals. 


Light weight, accurate, 


easy to operate, it is but one of many optical devices of 


extreme accuracy made by Kollmorgen, leading producer 


When peace comes, Kollmorgen technicians accustomed 


to tolerances of millionths, will welcome new assignments 


in development and manufacture. Inquiries invited—now! 


KOLLMORGEN OPTICAL CORP. 





Letter Fusing Efficiency 


SPACE 
SAVING 





Old bulky cartridge type 


fuses 

Vew Littelfuses 3 AG 
and 3 A B. Samng 
11% u. am., om thas 
exam ple 





Lifteljuse 14” long, 
> fe ; , a 


Struction shown.) 





Glass-enclosed 3 A G, to and including 6 amps., 
250 V. Use with electric appliances, heavy duty 
power supplies, amplifiers, radios, motors, etc. 
(Slo-Blo type also made forl 100 amp., for elec- 
tric fences, etc,, and 1/32 amp., for control cir- 
cuits, small coils, etc. ) 


3 A B Fibre-en 
anes losed Littelfuse 
14” long, '4" dia 


3 A Bftbre-enclosed fuses, 8 to 20 amps., 250 volts 





Greater precision, and space-saving in still 
heavier duties. 
Glass-enclosed & A G 
Littel ¢ 1 long, 
4" di 
INSTRUMENT LITTELFUSES 
From 1/200 to 15 amps., 250 volts AC or DC. 


For voltmeters, milliammeters, galvanometers, 


thermocouples, etc. 


jf LITTELFUSE Tite) 14°) F 4i7°) 


4757 Ravenswood Ave., Chicage 40, |i! 200 Ong St., Ei Monte, Colif 
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é 
com 
—— " lights dimmed, familiar landmarks 
-t}#"| lost, a ship’s navigator needed a 
4 “3 reliable new device to take bearings. 
a if Kollmorgen produced a telescopic 
5 alidade of Precision craftsmanship 
of submarine periscopes. 


2 Franklin Avenue \ Brooklyn 11, 


AAA" Ws 


mw; 


PIAA) wv 
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AMTHOR Dead Weight 
Pressure Gauge TESTER 


Type 452 





i 
i 


Modern design and construction puts 
this rugged precision instrument in 


a grade above the ordinary dead- 
weight testers. 

Made in eight ranges, to 3000 Ibs. 
maximum. 


We guarantee 1/10 of 1 percent ac- 
curacy in each range. 


The Type 452 is designed for sim- 

plicity and compactness. It incorpo- 

rates the newest refinements and 

improvements. Adapters and tools 

are supplied, as well as either car- 

rying case or protecting cover. 
Immediate and intelligent at- 
tention will be given to your 
inquiries: on all industrial 
speed measurement problems. 
Drop us a line today. 


Amthor Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 








45-40. Transient Response of Controll d 
Rectifier Circuits. P. T. Chin, G. E. Walter, 

45-42. Measurements of Stray Load Lorvs 
in Induction Motors. D. H. Ware. 

45-12. Measurement of the Subtransiert 
Impedances of Synchronous Machines. Go - 
don F. Tracy, W. F. Tice. 

45-55. Rectifier Relay 
Protection. E, L. 

45-22. Damping and Synchronizing 
Torques of Power Selsyns. C. Concordicz, 
Gabriel Kron. 

45-27. Variable Unbalanced-voltage Con- 
trol. W. R. Wickerham., 

45-62—-ACO. Principles of Grid Contro] 
for Thyratrons. P. H. Chin, E. E. Moyer. 


for Transformer 
Michelson. 


ASME MEETING 


Industrial Instrument Sessions: 


The Coefficients of Herschel Type Cast 
Iron Venturi Meters, W. S. Pardoe. 

Piping Arrangements for Acceptable Meter 
Accuracy. R. E. Sprenkle. 

Remarks on On-off Control in Resistor 
type Furnaces. Victor Paschkis., 

An Instrument for indicating the Amount 
of Gas in Gas-liquid Mixtures. B. R. Walsh 
G. S. Peterson. 

A Pneumatic Piston Ring Gage for Radia! 
Pressure Measurement. Paul G. Exline. 

Electronic Instruments for Industria! 
Processes. P. S. Dickey, A. J. Hornbeck. 


Symposium on Methods of Measurement 
of Heat Absorption in Furnaces: 

The Over-all Heat Absorption of a Fur- 
nace by Measurement of Gas Weight and 
Temperatures at Furnace Outlet. H. F. Mul- 
liken. 

The Use of Radiation Pyrometers to 
Measure Distribution of Heat Intensity in 
the Furnace, A. A, Markson. 

The Use of “Calorimeters” 
resentative Surfaces Exposed in the Fur- 
nace and Isolated from the Circulation of 
the Unit so That the Total Heat Absorbed 
May Be Measured. R. C. Patterson. 

The Use of Measured Metal Temperatures 
and Temperature Gradients of the Tube Wall 
to Determine the Rate of Transmission of 
Heat to the Fluid. F. G. Ely, L. A, Mekler, 
H,. H. Becker. 

Introduction to Industrial Furnace Appli- 
cations. Victor Paschkis. 

Direct Measurement of Heat Absorption 
of the Charge in a Furnace, F. S. Bloom. 

Correlation of Direct Measurements with 
Electrical Analogy. Victor Paschkis. 

Conductivity of Laminated Materials, J. 
L. Finck. 

A New Method for Determination of 
Fluid Velocity Distribution Applicable to the 


such as Rep- 


Study of Convective Heat Transfer. Alex- 
ander Kolin. 
Heat Loss From Furnace Walls. A Criti- 


cal Review of Measuring Techniques. C. B. 
Bradley. 


Temperature and Quantity Measurements 


of Gases Leaving Furnace. R. M. Conner. 
Other Sessions: 
Direct Analysis of Mechanical Wave 
Filters. R. C. Binder. 


Network and Differential Analyzer Solu- 
tion of Torsional Oscillation Problems In- 
volving Non-Linear Springs. C. Concordia. 

A New Device for the Solution of Trans- 
ient Vibration Problems by the Method of 
Electrical - Mechanical Analogy. H. E. 
Criner, C. D. McCann, C. E, Warren. 

A Preliminary Tyndallmetric Study of 
Sugar Refinery Liquors. L. E. Waymouth, 
M. C. Miller. 

Relation of Surface Roughness Readings 
to Actual Surface Profile. Leo P. Tarasov. 

A Thermal Balancing Method and Me- 
chanical Investigation for Evaluating Ma- 
chinability. A. O. Schmidt, O. W. Boston, 
W. W. Gilbert. 

An Acceleration Damper. Paul Lieber. 

Measurement of Torque Transmitted by 
Rotating Shafts. B. F. Langer. 

Numerical Methods for Transient Heat 
Flow, Lieut. Com. G. M. Dusinberre. 

An Electrical Geometrical. Analogue for 
Heat Flow. Carl F. Kayan. 




































ontroll 


Walte 5 


ad Lo 


ransient 
es. Go - 


isformer 


lizing 


ncordi: 


ge Con 


Contre! 


loyer. 


x Cas 
e Meter 
esistor 


Amount 
Walsh 


Radia! 
ne. 
lustria! 
beck, 


rement 


a Fur- 
ht and 
", Mul- 


ers to 
sity in 


s Rep- 
» Fur- 
ion of 
sorbed 


atures 
e Wall 
ion of 
fekler, 


Appli- 


rption 
om. 
3 with 


oe A 


on of 
to the 
Alex- 


Criti- 
Cc. B. 


nents 
ler, 


Wave 


Solu- 
3 In- 
rdia. 
rans- 
od of 

E. 


y of 
outh, 


lings 
ASOV. 
Me- 
Ma- 
ston, 





j De eee =. 


s 








for $ ices. 
itive price 


eCommm NEWEST DRAKE LIGHT ASSEMBLIES 


sample Mete 






DEPENDABLE Drake No. 50N NEON Jewel Min. Bayonet Assembly is 
SERVICE ideal where a distinct signal is required and observer is 
directly in front of instrument panel. Its 1/2” smooth clear 

jewel magnifies and intensifies the illumination from the 


a 
IMMEDIATE LONGER LIFE Neon lamp. Red glass jewel can also be supplied. The 








DELIVERY No. 51N (without jewel) is applicable where 180° visi- 






bility is desirable. Both units have built-in resistors for 


or/é = NE51 Neon Lamps operating on standard 105 to 125 volt 
$ s\ circuits. These rugged units offer BIG savings in power 

rAd) (1/25 watt), long life (3000 hours), wide voltage range, 
al and great reliability. 


















SOCKET AND JEWEL LIGHT ASSEMBLIES 


ee MANUFACTURING CO. 


Sales Engineering Associates, Inc. 1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. 


3907 San Fernando Road e Glendale 4, Calif. 
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electri SOLDERING IRON 





about “3 
actual size; . CS P he Nii 
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onlerorrow” 
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INSTRUMENT 


manufacturing and 
repairing fields 





Easily solders hard-to-reach connections. 
Cuts down fatigue, increases accuracy. 


ORDER FROM YOUR JOBBER, OR DIRECT. 
GENERAL OFFICES: CENTRAL TOWER, SAN FRANCISCO 3 


_ KELNOR MANUFACTURING COMPANY 
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This CLARE Relay 
Can Take the Place 





























































furnished, 


2. Spring pile-up in- 
sulators of heat treated 
Bakelite which permit 
punching without 
cracks, have minimum 
cold tlow and low 
moisture absorption 
content. Assembly 


locked together under 
hydraulic pressure 
Withstands heavy 
breakdown tests. 


4. Spring bushing in- 
sulators are Bakelite 
rod made by a patent 
process. Strong, hard, 
long wearing. Essential 
where heavy contact 
pressures are employed, 
where vibration exists, 
or heavy dut¥ service 
is desired, 


replacement. 


ice and 
Bakelite or metal cover, can be supplied 


design and 


quirements—one that 











Other 


This relay is an example of Clare 
construction. 
“custom build” a relay to meet your specific re- 
will re . 
relay cost and simplify your design problem. Write 
for catalog and data book 
4719 West Sunnyside Avenue, Chicago. 


CLARE RELAYS 


"CUSTOM-BUILT" Multiple Contact Relays “ 
for Electrical, Electropic and industrial Use 


BWThis rugged multiple-contact relay 
permits innumerable contact arrange- 
ments. Permits designing to small 
size, with a lesser number of relays; 
and facilitates maintenance. Adapted 
for use in electranic control devices 
and for sequence control and inter- 
locking operations. Ideal where un- 
usual arrangements of relay control 
are desired. Here are the reasons why: 


1. Contact springs 
employing any of the 
forms illustrated can be 





3. Twelve different 
standard or special 
types and sizes of con- 
tacts can be furnished. 
Contacts are overall- 
welded to nickel silver 
springs. Sizes range 
from .062” silver, rated 
one ampere, 50 watts, 
to .1875” tungsten, 
rated four amperes, 50 
watts, 





5. Armature assembly 
single or double arm. 
Has stainless steel shaft, 
Operating in a marine 
brass yoke. Heel piece, 


coil core and armature 
are magnetic metal care- 
fully annealed. De- 
signed for d.c. service 
6. As illustrated, relay 
has plug 
mounting for easy Sserv- 
mountings, and 


octal base 





. 
custom-built 


Clare engineers can 


luce your overall 


C. P. Clare and Cc 
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In this department we report new literature pertaining to Instrumentation, received from tm. 
manufacturers. To assist in the War Effort we urge readers to request ONLY those bulletin 
which will be of value to them. Use the coupon on the facing page. 








Pneumatic Mechanical 
The September 
October 1944 issue of this house organ 
number of articles. Of special 
“Fundamentals of Automatic 
‘Maintenance of Orifice 


M-1 “Electronic 
Instrumentation.” 


has a 
interest 


Control’ Type 


Flow Meters” and “Factors in Obtaining 
Clear Legible Chart Records.” Brown 
Instrument Co., 4482 Wayne Ave., Phila 
delphia 44, Pa 

M-2 Supersonics for Non-destructive 
Testing. 4-page 8%” 11” Bulletin ST- 
99A illustrates the supersonic “Sperry- 
tron” for exploring the interior of solids 
for defects or discontinuities by measur- 
ing reflections or the transmission of 
high-frequency vibrations through the 
material being tested. Sperry Products 
Inc., 1505 Willow Ave., Hoboken, N. J 


M-3 Sapphire Gages, 6-page 8%” x 11” 
illustrates and tabu 
plug and ring gages which 
outwear 
lists are included 
Co., Benton 


catalog describes, 
lates sapphire 
ire claimed t 
times over. Price 
National Watch 
rora, Il. 

M-4 Industrial Timer, 4-page 81.” * 11” 
Bulletin 4492 gives complete details of 
a manually-reset interval timer which 


gages 50 
Elgin 
St., Au- 


steel 


Q29 


can be preset to allow a given operation 
to continue for any predetermined time 
limit ind to close or open a circuit at 
the end of the preset time. Paragon Elec- 
tric Co., 37 West Van Buren St., Chicago 
5, Ill. 

M-5 Heat & Airflow Instruments for 


Aviation & Industry. 4-page 8%” x 11” 
Bulletin 302 describes directionally shield- 
ed total pressure tubes; pitot-static pres- 
sure tubes and pitot-static thermocouple 
adapted to powerplant aero- 
nautic experimentation. Revere Company 
Wallingford, Conn. 
M-6 Test and Check 
page 714” 10” Folder 250-444 
radiation and optical py- 
portable test set; po 
measuring thermocouple 


tubes, or 


Instruments, &- 
covers 
thermocouple, 
lineman 
tentiometers for 


rometers; 


emf; ete. Leeds & Northrup Co., 4955 
Stenton Ave Philadelphia, Pa. 
M-7 “Millionths of an Inch for Sale.” 


16-page 814” 11” bulletin profusely il 


lustrates tapered plug and ring gages 
concentricity gages, special plug and 
ring gages, profile gages, spline gages 
hex plug gages, master gears, gear roll- 
ing fixtures, and optical master inspec- 
tion dividing head Vineo Corp., 8855 
Schaefe Highway, Detroit 27, Mich 

M-8 Depth, Draft, Pressure & Vacuum 
Gages. 8-paze 814” 11” felder illus- 
trates and gives specifications of thess 
instruments manufactured by Uehling 
Instrument Ce 171 Getty Ave Paterson 
N. J 

M-9 Dynamic Balancing Machines. 20 
page 814” 11” loose-leaf folder covers 
r bench size s well as heavy duty 
st ic and dynar balancing machines 
Illustratior f many model e includ- 
ed. B Manuf turing Co., Rock Island 

M-10 Automatic Metering & Waste 
Valve, 2-page 8% 11” Bulletin 960 de 
scribes this valve for water supply lines 
to unheated areas, especially to spray 
nozzles. The new type valve provides 
two services in one compact assembly 











drain to 
same time 
Valve 


it offers an automatic 
freezing, and at the 
metering means Alco 
Louis Mo. 

M-11 “Precise Production.” The 107t 
of this house organ is devoted t 
ipplications of the Magni-Ray (an 
luminated magnifier) in various indus 
t George Scherr Co., Inc., 200 La 
fayette New York 12, N. Y. 

M-12 Water Gages & Columns, 8-pag 
814” & 11” folder illustrates a number o 
gxages and water columns for a maximun 
of 300 lbs. working steam pressure at 
450°F,. Ernst Water Column & Gage C 
Livingston, N. J. 

M-13 Electrical Signals, 104-page 8% 

11” Catalog 61 is a guide to good Sig. 
naling which helps the buyer in selecting 
the proper type of signal. It contains 
helpful engineering data and wiring dia 
grams. Other features of catalog ¢ 
tables of electrical characteristics whic! 
ire so set up that they are literally an 
index for one who is seeking a signa 
certain resistance. Faraday Electri 
Adrian, Mich. 

M-14 “The CD Capacitor.” The Septem- 
ber of this house organ has 
feature article “Servicing L-f. Amplifiers 
while October issue has one entitled 
“Radio Theory Review—for FCC Opera- 
Exams.” Cornell-Dubilier Electri 
Corp., Hamilton Blvd., South Plainfield 
a a 

M-15 


preven 
prov leg 


io, & 


issue 


ries 


Street, 


of a 
Corp., 


issue 


tor 


Flow Detector, 4-page 844” xX 11’ 
Bulletin 91-B illustrates an electric flow 
detector for the inspection of ferrous and 
non-ferrous tubing and bar stock. Illus- 
trations of a number of defects are in- 
cluded. Sperry Products, Inc., 1505 Wil 
low Ave., Hoboken, N. J. 

M-16 “The Hydromike.” The 
issue is devoted to measuring 
Leupold & Stevens Instruments, 
N. E. Glisan St., Portland 13, Ore. 

M-17 Master Inspection Dividing Head. 
2-page 17” xX 22” folder illustrates this 
instrument for inspection and final check 
ing of the spacing, angular locations and 
similar of gear teeth, 
master index plates, splines and peri 
pheral gears. Vineco Corp., 8855 Schaefe: 
Highway, Detroit 27, Mich. 

M-18 Combustion Controls, 4-page 8¥ 

11” folder illustrates a draft contr« 
damper program control, draft gag 
pressure flue temperature iy 
Perfex Corpor 
Ave Milwauk¢ 


October 
sewage 
4445 


characteristics 


fage, £as 
dicator and an actuator, 
tion, 455 W 
7, Wis 
M-19 Photogrammetric Equipment, 24 
8%” & 11” bulletin covers mappir 
contact printer 
mapping, stereoscopes, heigl 
plotters finder 
Abrams Instrument Shiawasse 
St., Lansing, Mich 
M-20 Sequence Relays, 
t illustrates, 


eatalog sheet 
therma 


Oklahoma 


page 
ind 


timers for 


aerial cameras, 


finders and direction 
Co., 602 


2-page 814” 

describe 
type Ss 
with 1 
main-conta 
Instri 
Inc., We 


ind lists four l-timer 
quence relays, Series 107000, all 
time 


of 


ond interval, with 
and 6 amperes 


A. Edison 


itings 0.02, 3 
Div., Thor 
Orange, N. J. 
M-21 Food-locker Temperature Record 
2-page 81%” x 11” Form 98067 


ment 





ers, 








ment; 
] t 


ur 








od from th 
se bulletin 


-O preven 
e provides 
Co., & 


tes and describes Locker toom 
ometer—mandatory in some states 
ivantageous for food preservation 
vhere. Taylor Instrument Compan- 
chester, N. Y. 

Program Timer, 1-page 8%” xX 
nouncement describes ‘Model P5- 
th 24-hour schedule, for time sig- 
r reminders in factories, airports, 
gs, etc. Zenith Electric Co., 152 W. 
n St., Chicago 190, Il. 

Aircraft Electrical Instruments, 
page 84%” X 11” bulletin describes 
4 tail ratio type indicators for resist- 
thermometer elements, including an 
ft-engine Gage Unit having three 
itors in one housing; also remote 
ure transmitters and indicators, fire 
tion system, sealed thermostats 
thermal timing relays. Instrument 
Thomas A. Edison Ine., West 
ge: N.. J: 

24 “Cenco News Chats.” The 20-page 





T 07+ 
vires j mber issue of this house organ has 
y (an il im | rraphy of A. A. Michelson as a fea- 
us indus? rticle. Other items describe new 
200 Laat opments in laboratory instruments 
Y. be apparatus. Central Scientific Co 
8. 8-pag Irving Park Road, Chicago 13, II] 
umber ok >) Temperature Control, 4-pige 815” 
maximun Bulletin 441T describes the Type 
essure gifs Thermostat for the control of electric 
Gage Co es between temperatures of 120‘ 
600° EF. Units have an approximate 
are 8l ential of %° to 1 EF. in liquids, sub- 
: Hp testing cabinet and mechanical 
recto ction ovens, and 2°F. in gravity 
contains cay at agg orang a ia Co.. 
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26 Aviation Heat & Airflow Instru- 
ments. 4-page. 8%” X 11”. Bulletin 302 
strates Pitot-static pressure tubes 
tic-Pitot temperature probes, static 
sure tubes and Pitot pressure tubes. 
e Company, Wallingford, Conn. 
M-27 Corrosion Protection, 12-page 6” 
’ bulletin describes a recent develop- 
ent, Protek Plugs which contain a 
hydrating agent, silica gel, impreg- 
ated with anhydrous cobalt chloride. 
The gel thus treated is bright blue when 
ctive and dry, reaching a pink color 
yn complete saturation. These plugs 
used to prevent rust in aircraft in- 
truments and other devices. Chandler- 
Evans Corp., South Meriden, Conn. 
M-28 “Wheelco Comments.” The No- 
ember-December issue of this house 
ran has two articles: one describing 
applications of automatic tempera- 
ture control to the burning of porcelain 
ware in an art gallery nd the other 
lescribing a commercial heat treating 
nt. Wheelco Instruments Co., Harrison 
Peoria Sts., Chicago 7, Il 
M-29 Precision Gage Blocks. 14-pag: 
314,% %& 11” bulletin describes and lists 


rious sets of » blocks, states guar- 





nteed accuracies, gives id ces. Suro Mfe 
65 Greyrock Pla tamford, Conn, 


I-30 “Purging” ¢( vies he Atmosphere 


Furnaces, 8-page 8%” X 11” reprint of 
article which describes the applica- 
n of the ‘‘Ranarex” recorder to this 
plic a Permutit Co 330 West 42 
St.. New York, N. Y. 


M-31 X-ray Diffraction Apparatus, 12 
ge 8144” x 11” booklet describes the 
maaratus and applications. Diagrams, 
ical diffraction films, and _ several 
ulations are given in order to show 
w the equipment is used for identifica- 
yn, research and _ production. North 
American Philips Co., Inc., 100 East 42 
New York, N. Y. 
M-32 Hydrogen  tIon Determination. 
ive 8144” X 11” catalog sheets describing 
photoelectric hydrogen ion device 
vhich is used in industry to control the 
cidity and alkalinity of solutions inde- 
vendent of human judgment and of light 
onditions. The last sheet (No. 509) gives 
ransmission-versus-pH curves of ten in- 
licator solutions covering full range 
rom 0 to 14. Photovolt Corp., 95 Madison 
ive., New York 16, N. Y. 
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AT WORK 





We Cannot All Be Heroes and Win Fame 


ron i> but it takes a steady worker like RUBY, who dreams of gallant 
F | ladies, as she graduates those fine lines on a waxed tube, so it 
Bh | will be accurate when used to test manufacturing processes of 





war materials. 


And in your post-war plans, just remember, it will take the same 
steady skill to produce GOOD Thermometers that you will need 
in your plant. 


PALMER Thermometers will give you: 
1. Precision and Guaranteed Accuracy 


2. Sturdiness and Long Service 


3. A bright RED column .. . so easy to see with 
‘“‘Red-Reading-Mercury”’ 


Clip This Ad as a Reminder. (Catalog on Request) 

















TO PREVENT WASTE AND AID THE WAR EFFORT 

(1) Request ONLY the literature that will aid you in your war work. 

(2) Paste the coupon on a government postal card addressed to Instruments, 
taking care to make all four edges stick, 


Pesce aresresaneereneee Pe OOOH R ee CSS EEO TEENS HS AEOTERESHEEOREEHEEEETEEE FHOHHSOSOSEERESEEEELE SES SESTSSEE ES 


Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (JAN. 1945) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 


Numbers...... ne ere el 1A oa Re ie ope se UL ES ba a i bidet it ees 


| also desire further information concerning the anit new products described in 
this month’s “New Instruments” Department. . a A ea Oe ee ee 


1 ‘ee deste further information concerning the foltewiag: pavowe edvieweed.2 
this issue (Write page number and name of company)... Lay 

Name SS dis Pe Pr eee Tee ee ee ee 

Company..... ; ie eh ORE ERE Pe Position » aatly cis ele 
Co.’s Address......... ee ee A Ie CO eee cutee 
(OR) Home Address ee me nS ke, 8 ey en ee Re 
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MOST COMPLETE 


ieee eee 
. RADIO PARTS 
sa RADIO TUBES 


“AIRCRAFT waa. 


* 


OVER 10,000 ITEMS 7 
AT YOUR FINGERTIPS = 





at EQUIPMENT. 
-F/M—television—A/M 


ioe 








PURCHASING AGENTS! 
ENGINEERS! 
Send for this 
FREE 800 PAGE CATALOG! 


Write today on your company 
letterhead for this massive 
800 page Buying Guide con- 
taining everything in radio- 
electronics. Complete list- 
ings of all standard na. 
tionally known products 
i in one handy, bound 
j volume! Sent free on 
request by addressing 
Box SJ 





/ 








| This f00k " 
Can Help Answer 
Your Procurement 
Problems! * 


Telephone BArclay 7-1840 


ig SOE ‘PROMPY SERVICE x 









| 
| 





| | BUY THAT EXTRA BOND NOW 
and SAVE AN EXTRA LIFE! 











SUPPLIERS TO 
Industrial Manufacturers + Research 
Laboratories * Schools + Colleges 
Government Agencies * Railroads 
Public Utilities * Broadcast Stations, 
Hospitals + Shipyards + Police Depts., etc. 


SUN RADIO. 





& ELECTRONICS Co. 


212 Fulton Street. New York 7, N. Y. 
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WATER LEVEL 
and FLOW 


RECORDERS 


(DIRECT FLOAT OPERATED 
& REMOTELY CONTROLLED) 


_.. 


INDICATORS 
AUTOMATIC CONTROLS 


COs) 


LEUPOLD & STEVENS 
INSTRUMENTS 


Hydrographic, Navigation, 
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Post: War 
Clock Movements 


by 
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Jap 1a 
CHELSEA =: 
Ma ch 
As 
Our production of special clock 
movements and clockwork mechan- —_— 
isms for recording instruments must 
wait until this war is won. Meanwhile, nil 
we would welcome the opportunity a 
of working with you in developing A us 
your post-war designs. Adjus 
Remember, Chelsea has been mak- ‘hi 
ing special movements for recording oie 
A 


instruments for many years. 


Buy 
Another Bond 
Today 





CHELSEA 
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SUBJECT INDEX 


Abundance, the Cycle of 325 

uracy in Aerial Photography 613 

uators, Electric 580, 785 

Adjusting Fan-speed Controllers in Boiler- 

plant Control Systems 665 

diustments for Proper Control of Oil 
yutlet Temperature of Double-pipe 

Chillers 666 

Aircraft Compass 311 

Aircraft Instrument Guild 214, 280, 352 

Aircraft Instrument, New Type, Is Guide 
o “One Best Way’’ 752 

Aircraft Instrument Suction and Air Pres- 
sure Systems 110 

Air-gage System 453 

Altitude Compensation Questions 212 

Amplifier, General-purpose Portable 792 

Amplitude Meter, Pressure Pulsation 170 

Analyzer, Aircraft, Electrical 633 

Analyzer, D.-c. Industrial 800 

Analyzer, Gas 241 

Anti-glare Treatment for Glass and Other 
Materials 380 

“anticipatory’’ Control Scheme 498 

Appalachian Gas Measurement Course 802 

Application of Electric Strain Gages to 
Aircraft Design Problems 91 

Application of Electronic Control 44 
———— of Laboratory Test Data to 
New Design 28 

Application of the Brittle Lacquer Method 
in Stress Analysis of Machine Parts 56 
Applications of the X-ray Diffraction 
Method of Stress Measurement to Resid- 
ual-stress Problems 90 

ASC’s Ingenious Semi-Trailer Brings In- 
strument Shop Facilities Overseas 82 

Attenuators 449, 794 

Attitude Gyro 639 

An Automatically-controlled Calibrating 
Standard for Low Pressures (to 3” water 
column) 390 

Automatic-control ‘‘Mystery’’ 131, 463, 663 

Automatic Weigher-sorter Does Work of 
20 Men 198 

\utorraticitv Makes Jobs’’ 191 

Autotransformers, Aircraft 572 

Balancer, Dynamic, Simplified 582 

Balances, Precision 57 

Balancing the Vertical and Gimbal Ring 
Assembly of the Sperry Directional Gyro 
Indicator 409 

Barometer, Extreme-precision 110 

Bausch, Edward (Obit) 463 

Bead Former for Instrument and Hydrau- 
lic Lines 412 

Bench Centers 582 

Bin Level Indicator 66 

Boiler Meter 241 

rR 

} 

I 


>> 


a 


sonded Wire Gage Torquemeter 66 
ridge, A-c., for Resistances and Im 


Bridge, Slide-wire 579 

Bristol, Edgar (Obit) 463 

Brown Instrument Co., School 135 

C.A.A.-developed Portable Flutter Record- 
er 539 

C.A.A.’s Revision of Requirements for In- 
strument Overhaul Laboratories 146 

Calculator, Coil-winding and R-f. Reson- 
ance 114 

Calculator Computes I2R Quickly 602 

Calibration Short-cuts 6 

Calibration of the Sperry Turn Indicator 
or Directional Gyro 214 

Caliper, Vernier 519 

Capacitance Meter, 
electrode 244 

Capacitors, Oil Type 171 

Capacitors, Variable Air 173 

Capacitors, Porcelain-clad 176 

Capacitors, Hermetically Sealed 448 

Capacitor, Quarter-million-volt 176 

Carbon Determinator 178 

Cathode-ray Oscillograph as an Engine 
Indicator—Construction of Integrator and 
Degree Marker 526 

Cement for Glass Instrument Windows 112 

Chronograph. Counter Type 380 

Cireuit Breaker, Re-designed 632 

ircuit Breaker, Remote-control 172 

ivil Aeronanties Administration 97, 146, 
410, 539, 679 

‘leaner for Instruments, Air 640 

Neaning Fluid, Lens, for Surface-coated 
Glass 519 

Neaning System, Glass 519 

‘loud Ceiling Recorder 786, 

Soating for Gages 644 

Xombination Tool for Jewel-bearings Screws 
and Lock-nuts 160 

YXombustion-Control Methods for All 
Standard Fuels 54 


Electron-tube Inter 


Combustion Control System 177 

Comparators, Adjustable-magnification 517 

Comparator, Magnetic 240 

Comparator, Multi-range 455 

Comparators, Photoelectric Color 451 

Comparator, Portable Indicating 455 

Compass, Aircraft 640, 722, 801 

‘‘Compressor-trol’’ 630 

Constant-voltage Control—The New Design 
Essential 85 

Constitution of Matter—How Is the Uni- 
verse Put Together and What Holds It 
Together? 202 

Controllers, Automatic, Inductance -cou- 
pling Type 714 

Controller, Automatic " seceaneaaiae Elec- 
tric-contact Type 311 

Controller, Flow Ratio 575 

Controllers, Indicating, Air-operated 720 

Controller, Seam Welding 445 

Controller, Process Power-input 517 

Controller, Temperature, On-off-time-ratio- 
adjusting Type 714 

Controllers, Temperature-time Schedule 173 

Controller, Time Program 782 

Controller, Welding Current 570 

Counter, Predetermining 442 

Counter, Ratio-method Small-parts 239 

Counter, Thunderbolt 237 

Crampton-Lenox-Martin ‘‘Rivetscope’’ 754 

Criticizes Q&A Type Quizzes 278 

Damping of Engineering Materials During 
Flexural Vibrations at Elevated Temper- 
atures, Measurement 89 

Dead-weight Calibrating Machines 158 

Decade Box 515 

Decade Resistance Assemblies 799 

Dial Thermometer with Plastic Case 442 

Design and Applications of a Magnetic 
Strain Gage 90 

Detectors, Aircraft Fire 170 

Determination Apparatus, Sulphur 310 

Dilatometer 306, 504 

Dry Electrolytics Standardized 198 

Dyadic Gage 48 

Dynamic Stress and Strain in Tensile Test 
Specimens, Measurement 92 

Dynamotor, ‘‘Four-in-one’’ 177 

Easily-built Machine for Hand-marking 
Scales 84 

Educational Problems Pertaining to In- 
struments, an Inspiring Analysis 81 

Elapsed-time Meter, Hour-scale 783 

Elapsed-time Meter, Millisecond-scale 782 

Electrical Computing Gunsight 749 

Electric Gaging Methods for Strain, Move- 
ment, Pressure and Vibration 192, 260, 
334, 398, 475, 534, 603, 668, 742 

Elastic Properties of Matter 734 

Electrocardiograph 636 

Electromagnetic Method of Measuring 
Screw-thread Leads to a Few Millionths 
of an Inch 134 

Electronic Instrumentation in the Textile 
Industry 30 

Electronic _ aan of Industrial Proc- 


esses 

Electronic Paden Method 132 

Electronic Robots Read Motor Speeds in 
Wind-tunnel Tests 210 

Electron Tubes, New Industrial Types 512 

Electron Tubes — Their Principles and 
Their Instrumentation Applications 138, 
206, 268, 340, 394, 473, 532, 606, 671, 
745 

Employee-designed Robots at Glenn L. 
Martin Plant 464 

Enclosure for Aircraft Control Devices 514 

Errata (corrections for Oct. issue) 710 

Experiments on Combined Stresses 91 

The Field of Force in which We Always 
Live 331 

Films, Replica, Surfaces Inspection 716 

Filters, Interstage 796 

Filters, Ultraviolet-transmitting 316 

Flaring Tool for Plastic Tubing 179 

Flash-charging Tachometer Generators 347 

Flow RBifurcator 641 

Flow Indicator 635 

Flowmeter for Oxygen Regulator Test 616 
“luxmeter 234 

Fluid Flow Through Two Orifices in Se 
ries 88 

Frictional Phenomena in the Economy of 
Our Industrial Life 392 

Fuel Mixture Indicators 100, 150 

“Fuel Saving Starts With Control’’ 593 

Furnaces, Laboratory 247, 634 

Fuse Panels 722 

Gaertner, William, 80th birthday 593 

Gage Blocks 179, 309, 509 

Gage, Countersink 644 

Gage, Dynamic Pressure, Electrical 638 

Gage, Height, Fine-adjustment 633 

Gage, Indicating, Grinding 442 

Gage, Indicator Snap 721 


Gage Instruments 512 

Gage, Liquid Level 636 

Gage, Low-pressure 579 

Gage, Piloted Cylindrical Plug 112 

Gage, Spherical 376 

Gages, Stellite Alloy 515 

Gage, Thread-lead 111 

Gage, Thread 316, 566 

Gage, Vacuum, Direct-reading 784 

Gages, Adjustable Snap 3878 

Gages, Air, for External Diameters 632 

Gages, Carboloy 568 

Gages, Centralizing Type Blind Hole 62 

Gages in Various Materials 578 

Gas Proportioner 577 

Gas Turbines and Turbosuperchargers 56 

Generator, Square-wave 113 

Generaturs, High-frequency 637 

Gyros that Don’t Hold Calibration Over- 
night after Overhaul 106 

High-speed Maultiple-point Recording of 
Thermocouple Temperatures During 
Flight Tests of Planes 26 

High-velocity Air Stream Temperature 
Measurements 40 

Holders, Glass and Transparency, for Op- 
tical Comparators 180 

Horsepower Indicator, 
246 

How ‘‘The Guys on the Ground’ Won 
“The Battle Against Sand’’ 275 

Humidistats 782 

Hydraulic Power Unit, 
commanded 638 

Hydrostatic Test Press 314 

Illuminator for X-ray Films 174 

Indicating Instrument Method Helps Com 
bat Pilots Land ‘“‘Blind’’ 347 

Inductor Coils, Miniature, for H-f. Tuned 
R-f. Circuits 380 

Inductors, Variable 447 

Industrial Temperature Instruments Em- 
ploying Electronic Devices 468 
(Discussion & Closure) 600 

‘Instrumentation Comes of Age’’ 525 

“‘Instrumentation-type’’ Air Gaging 
Method for Automatic Control of Ma- 
chine Tools 256 

Instrumentation in the Textile Industry 33 

Instrumentation Training 81, 5 

Instrument for Testing Airworthiness ef 
Fabrics 778 

Instrument Maintenance in an Oi) Refin- 
ery 199 

Instrument Piping, Tubing and Fittings 
During Wartime 7 

Instrument Societies Calendar 74, 93, 250, 
302, 372, 440, 502, 588, 658, 726, 802 

Instruments Make Air-flow Smoothness 
Visible to Pilot 752 

Inspection Equipment, Miniature-film Type 
Industrial X-ray 113 

Insulation Tester 376, 382 

Investigation of the Cross-spring Pivot 92 

Jaeger Tachometer Creep Tests 106, 154 

Jewel Bearings 191 

Kilovoltmeter, Portable 784 

Knurling Small Tools 160 

Lamps, Mercury-are Ultraviolet 786 

Leak Detector, Gas 723 

Liquid Level Indicator 715 

Liquid Meter. Propeller Type 444 

MacGahan, Paul, ‘‘Retires’’ 525 

Machine Produces Glass Bearings for Air- 
plane Instruments 97 

Magnetometer for Aircraft Analysis 66 

Magnifier for Graduations of Machinists’ 
Micrometers 516 

Magnifier-illuminator, Inspection 570, 716 

Manometer, Electric 306 

Manometer for Calibrating Pressure In 
struments 238 

Manometer, Precision 375, 445, 452 

inne the Degree of Curl of Paper 
15 


Airplane Engine 


Pneumatically- 


Me gon meter and Capacitor Leakage Tester 


Me + Direct-reading 444 

Message from the Chairman of the New 
Division 4 

Method of Determining Fluid-current 
Direction and Making Circulation Sur- 
veys 740 

Micro-comparator 4! 

Microfilm Process 6 

Minimizing Instrument Maintenance in 
Designing Aviation Gasoline Plants 9 

Mobile Food-testing Laboratory Prevents 
Contam nated Food from Reaching Sol- 
liers 664 

Model Analysis of Structures 92 

Moisture Meter, for Granular Materials 
509 

Monochromatic Light Source 508 

Multiple-camera Contro] Problem Report- 
ed Solved 540 

Multiple-diaphragm Pressure 
and Their Application 529 

Multiple-diaphragm Pressure Regulators 
and Their Application (Erratum) 600 

Multitester 320 

Mutual Benefits 1 

Muzzle-velocity Calibration Teams 778 

Ohmmeter, Linear 788 

Optical Flats 456 

Ordnance Production Gaging 136, 266 

Oscillograph, Miniature Six-element 72 

Oscillograph, Wide-range, Portable 520 

Oscilloscope, Five-inch 308. 318 

Oscilloscope, Wide-range 178 

Panel Light Assembly 382 

Paper Conservation Campaign 68 

Parallelism Checker and Comparator, Op- 
tical-method 797 

Performance of Large Machinery Under 
Operating Conditions 54 

Phase Difference Microscopy 650 

Phototuhe, Blue-sensitive 456 

Pilot Light, Totally-enclosed 306 

Pin Gage Sets 569 

Pitot-static Tube De-icer Tests 146 

Plug Cock Grease 576 

Plug Gage Blank Sets, Emergency 574 

Plug Gages, Carbide Thread 630 

Plugs, Multi-pin 176 


54 
35 


Regulators 
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Portable All-purpose A-c. Instrument Test 
Set 594, 710 

Post-war Abundance 325 

Potentiometer, Self-balancing 111 

Powder, High-contrast, for X-ray Films 
378 


‘ 

Power Supplies, Voltage-regulated 237 

Power Supply, D-c., Portable 506 

Power Supply Systems, Aircraft 308 

Practical Color Photoptometry 474 

Practical Reduction Formulas for Use on 
Bonded Wire Strain Gages in Two- 
Dimensional Stress Fields 92 

Problems in Obtaining Personnel in the 
Wartime Operation of an Instrument 
Department 10 

Projector, Thread Pick up 236 

Pump, Diffusion 572, 573 

Putting Recent Process’ Units Into Opera- 
tion 13 

Radiation Pyrometry in Turbosupercharger 
Testing 36 


,. Radiation Standards, Maintenance 779 


Radio Rack Mock-up 135 

Rectifiers, Copper Oxide 182 

Rectifier, Heavy-duty, for Airplane Equip 
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re CISION Shell Continuous Flow Refractometer 


Developed-fer—plant installations to in- 
dicate instantly the purity of a liquid by 
utilizing its index of refraction. Con- 
nected directly into processing pipelines. 
Can be used on a variety of liquids 
under vacuum or pressures |up to 80 lbs. 
per square inch, and with indices of re- 
fraction ranging from 1.32599 to 1.54409. 
Enables plant operator to jcontinuously 
control purity of liquids without the usual 
sampling and laboratory checking. 


Refractometer is a_cerfipletely self- 
contained unit-if dustproof-type cabinet 
with-etl valves, gauges, constant tem- 

“perature circulating system, prisms, 
flow meters etc. Now operating success- 
fully on many butadiene controls. Write 
for bulletin. 








PRECISION Constant Temperature Circulating 


FOR LABORATORY CONTROL 


Since refractive index of Bagi ox liquids 
will change as much as =+..0005, with 
change of 1° C. in temperat 

perative that refract r liquid cell be 


trolled, self ¢ontained unit to be offered. 
Can be usedjalso for controlling tempera- 
tures of pol¢rimeters, viscosimeters, col- 
orimeters, efc. The circulating system 
will operate jthrough a wide range above 
and below foom temperatures. Built-in 
heater, circulating pump and adjustable 
thermostat. Write for complete deiails. 





SEE YOUR LABORATORY SUPPLY DEALER 


DP SESIKO, Se eac Oeesi 


mies and Busan of Scio Appcnaties and. Production Coal Sabetati Leuipment for Almost «. Quarter Canta 
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in a 4x 5"x 7" package 


Westinghouse announces the Vibrograph—a handy ONLY THE WESTINGHOUSE VIBROGRAPH 


portable instrument that instantly produces a perma- GIVES YOU ALL THESE ADVANTAGES... 


2 é ic : = li = : ’ ; 
nent graphic record of the frequencies and amplitudes pic Risiseaniin Bina Didsente ox Mead Mune 


of all mechanical vibrations. Its operation is entirely at 
Makes Permanent Record May be Used in Any Position 


mechanical... with no external connections to make, 
No External Connections Compact Construction 
no data to record, no films to develop. 


. ‘ . Fast Automatic Operation Completely Portable 
The new Westinghouse Vibrograph measures vibra- 


tions in the frequency range of 600 to 15,000 cycles wee Srnanings: Suthe ee ES ee Sey 
per minute, with amplitudes as small as .0001”’ or as 
great as 1/16’’. These vibrations are permanently 
recorded by the instrument on a transparent celluloid 
strip. The strips can then be immediately examined 
under a low-power microscope—which is included 
with each Vibrograph. 
A new illustrated bulletin, B-3046, gives complete 
information about the new Westinghouse Vibrograph. 


Write for your copy today. Westinghouse Electric & 


Manufacturing Company, Box 868, Pittsburgh 30, Pa. 
J-08094 
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